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FOREWORD 


This  report  grev  out  of  a  broad  study  of  ou-rarra  irrigation  under  two 
California  Acricultural  Experiment  Station  Projects,  Nimbers  iGhl  and  H-IO63. 
The  second  of  these  is  the  California  contributing  project  under  Regional  Research 
Project  W-70,  Economics  of  On-Farm  Use  of  Irrigation  Water.    Titles  of  the 
California  projects  indicate  their  objectives  and  subject  matter:  Economics 
of  Adjustments  on  California  Cotton  Farms,  and  Effects  of  On-Farm  Irrigation  Water 
Supplies  and  Costs  on  Cropping  Systems  and  Production  Adjustments.    These  analyses 
involved  a  great  deal  of  data,  some  of  which  we  drew  from  secondary  sources; 
other  parts  of  which  represented  primary  data,  although  we  may  have  obtained  even 
this  information  through  the  cooperation  of  some  other  agency. 

The  present  report  is  the  first  in  a  series  under  its  general  title.  Others 
currently  in  preparation  will  have  as  subtitles,  2.    Farm  Size  in  Relation  to 
Resource  Use,  Earnings  and  Adjustments  on  the  San  Joaquin  Valley  Eastside,  3. 
Some  Aggregate  Aspects  of  Demand  for  Irrigation  Water  and  Production  Response  on 
the  San  Joaquin  Valley  Eastside,  and  ^4-.     Subarea  Variations  in  Relation  to  Resource 
Use,  Earnings,  and  Adjustments  in  San  Joaquin  Valley  Cotton  Area.    Another  special 
report  resulting  from  these  same  projects  is  Some  Characteristics  of  Farm  Irriga- 
tion Water  Supplies  in  the  San  Joaquin  Valley.    Still  additional  material  has 
appeared  in  California  Agriculture  and  in  various  Journals,  | 
We  are  indebted  to  many  agencies  and  individuals  without  whose  generous 
cooperation  neither  tliis  report  nor  others  in  the  series  wovild  have  been  possible. 
Among  these  we  can  list  only  a  few  of  those  upon  whom  we  relied  most  heavily. 
The  major  power  companies  serving  the  San  Joaquin  Valley,  Pacific  Gas  and  Electric, 
and  Southern  California  Edison,  authorized  us  to  use  irell  test  data  previously 
released  to  the  United  States  Geological  Survey.    Ttie  latter  agency  aided  greatly 
in  this  procedure  by  making  photostatic  copies  from  office  records.    The  Cali- 
fornia Regional  Water  Pollution  Control  Board  made  well  driller  reports  available 
to  us  (data  for  individual  reports  sire  not  identified  in  order  to  keep  both  of 
these  sets  of  information  confidential).    The  California  Department  of  Water 
Resources  also  assisted  greatly  in  these  studies  by  making  maps,  reports,  and 
other  ini'ormation  available,  as  did  the  United  States  Bureau  of  Reclamation.  The 
California  Irrigation  Districts  Association,  many  individual  irrigation  districts, 
and  various  manufactiirers  and  distributors  of  irrigation  pumps  and  equipment  pro- 
vided much  valuable  assistance  in  the  form  of  factiial  data  and  interpretation. 
We,  of  course,  drew  heavily  on  published  reports  and  releases  of  the  agencies 
named  here,  plus  many  others. 
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Among  the  many  individuals  to  whom  ve  owe  appreciation,  we  wish  to  mention 
particularly  Messrs.  R.  S.  Ayers,  Wm.  Balch,  D.  E.  Butler,  J.  S.  Gorlinski, 
E.  J.  Griffith,  H.  H.  Holley,  G.  V.  Hufford,  J.  M.  Ingles,  F.  Munz,  B.  M.  Smith, 
H.  M.  Stafford,  S.  T.  Stairs,  L.  Stennett,  and  H.  D.  Wilson.    A  complete  list 
would  extend  to  a  much  greater  length;  \Te  stop  at  this  point  only  because  of 
space  limitations,  not  for  lack  of  awareness  or  appreciation  of  the  assistance 
generously  made  available  by  many  others. 

As  indicated  above,  this  report  resulted  from  studies  \mder  two  Experiment 
Station  projects.     The  University  of  California  Water  Resources  Center  contributed 
an  important  fraction  of  the  i\inds  used  in  financing  these  studies,  through  its 
grants  for  research  under  Project  H-I863.    Regional  support  also  was  available 
under  Project  W-70. 
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•  SUMMARY 

Ample  supplies  of  irrigation  water  at  reasonable  prices  rank  high  among 
the  critical  requirements  for  profitable  agriculture  in  California.  Crops 
grovn  under  irrigation  regularly  occupy  75  percent  of  the  cropland  harvested, 
and  account  for  90  percent  or  more  of  the  aggregate  value  of  all  crops  grovn 
in  the  state.    Many  California  farmers,  due  to  rapid  expansion  in  irrigation 
since  World  War  II,  now  face  present  or  potential  shortages  of  water.  j 

We  made  this  study  to  determine  in  what  ways  variations  in,  first,  quantities 
of  irrigation  water,  and,  second,  water  costs  affect  farm  decisions  and  | 
profits  under  conditions  existing  in  the  eastern  San  Joaquin  Valley.  This 
analysis  also  measures  these  effects  as  accurately  as  possible,  according  to 
price  and  other  relationships  during  the  period  I956  through  I960.     It  centers 
on  a  6i^0-acre  farm  model  with  602  acres  suitable  for  irrigation.  Equipment 
lines,  labor  force,  and  farming  practices  are  typical  of  the  general  crop  j 
farms  in  the  San  Joaquin  Valley  Eastside.    We  examined  irrigation  water  problems 
under  three  cropping  systems  for  this  overall  model:     (a)    Including  all  usual 
alternative  crops;   (b)    excluding  cantaloups,  and  (c)    excluding  both  cantaloups 
and  sugar  beets.  ^ 

The  amoiints  of  soil  molsttire  available  to  plants  diminish  as  soil  moisture 
tension  increases;    the  latter,  measured  in  atmospheres,  rises  as  the  amount 
of  water  in  the  root  zone  diminishes  between  field  capacity  (FC)  and  the  | 
permanent  wilting  percentage  (PWP).    These  relationships  provide  the  basis  for 
estimating  average  growth  and  yield  rates  for  each  crop  under  each  soil  condition 
and  irrigation  practice,  using  inverted  soil  moisture  depletion  (release)  ^ 
curves  to  represent  growth  and  yield  rates.     Our  yield  estimates,  in  turn, 
in  combination  with  the  calendar  of  operations,  schedule  of  inputs,  and  costs, 
enabled  us  to  calculate  gross  receipts,  and  net  returns -over-variable  expenses 
for  each  crop  under  each  combination  of  soil  and  irrigation  practices.  Bud- 
geting procedures,  based  on  farm  and  farmer  service  agency  interview  data, 
provided  this  comparative  information. 

Linear  programming  and  farm  budget  analysis  are  the  two  primary  methods 
used  In  this  study  to  identify  and  measure  interrelationships.     The  linear 
programming  problem  involves  7  crops,  3  irrigation  practices,  eind  20  constraints. 
The  latter  include  acreages  by  soil  grades,  water  available  by  time  periods, 
and  various  formal  or  informal  planting  restrictions.    Budget  analysis  was  used 


in  determining  enterprise  gross  receipts,  costs,  and  net  returns,  as  veil  as 
for  calculating  total  farm  fixed  (overhead)  costs. 

Farm  fixed  costs,  including  all  depreciation,  interest  on  investments, 
and  other  general  expenses  for  the  640-acre  farm,  total  $6i)-,000.    We  omitted 
this  item  from  all  preliminary  net  return  calculations  for  the  various  enterprise 
combinations,  inasmuch  as  fixed  costs  remain  unvarying  for  the  range  of  cropping 
and  production  variations  studied.    Fixed  costs  enter  the  analysis  used  to 
calculate  total  farm  profits.    This  calculation  comes  after  determining  maximum 
net  returns -over-variable  expenses  under  alternative  enterprise  operating  com- 
binations and  conditions. 

Cotton  occupies  5>  cantaloups  k,  and  sugar  beets  1,  out  of  the  top  10 
places  for  enterprise  rankings  according  to  net  returns-over-variable  expenses 
for  one  acre  on  the  640-acre  farm  model  in  this  study.    These  ranliings  involve 
8  enterprises  single-  or  double-cropped,  2  soil  grades,  and  3  irrigation  treat- 
ments.    Net  returns  per  acre  vary  from  ^2k9.00  for  cotton  to  $12.00  for  barley. 
Sugar  beets,  in  tenth  place,  show  ^IS'+.OO  per  acre  as  net  returns-over-variable 
expenses.     Other  crops,  primarily  alfalfa  hay  and  feed  grains,  all  return  less 
than  $100.00  per  acre. 

Under  I956-I960  conditions,  farmers  on  (AO-acre  general  crop  farms,  may 
expect  total  fam  net  returns  to  equal  all  fixed  costs  at  $l6.00,  $11.00,  and 
$10.00,  respectively,  per  acre-foot  for  irrigation  water  variable  expenses, 
depending  on  whether  they  follow  A,  B,  or  C  cropping  systems.    Such  total  farm 
returns  cover  interest  on  farm  investments,  but  allow  no  returns  to  operator's 
management  or  supervision.    Cropping  System  A  (including  both  cantaloups  and 
sugar  beets),  with  two  high  income  alternative  crops,  is  able  to  cover  fixed 
costs  under  the  highest  variable  costs  for  irrigation  water.    At  zero  prices 
for  water.  System  A  returns  $108,1K)0    or  $i4-4,000  more  than  fixed  costs.  These 
returns  drop  as  water  variable  costs  rise  from  zero  to  $l6.00  per  acre-foot 
(the  breakeven  level)  at  the  rate  of  $2,755  per  dollar  of  increase  per  acre-foot. 
Net  returns -over-variable  costs  for  Systems  B  and  C  also  decline  sharply  as 
water  costs  increase  from  zero  to  the  breakeven  level;  $2,840    and  $2,800  per 
dollar  of  cost  rise,  respectively. 

When  irrigation  water  variable  expenses  remain  constant  at  $3.00  per  acre- 
foot,  total  farm  net  returns -over-variable  costs  increase  with  added  quantities 
of  water  available  vmtil  the  total  amounts  reach  approximately  2,800,'  2,735j 
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and  2,760  acre-feet,  respectively,  for  Systems  A,  B,  and  C.    These  net  returns 
not  considering  fixed  costs  equal  $6i|-,000,  the  "breakeven"  level,  at  slightly 
over  1,000  acre-feet  for  System  A,  and  at  approximately  1,250  acre-feet  for 
the  other  two  systems.    At  lesser  quantities,  the  operator  not  only  would  earn 
nothing  for  his  management  effort;  he  also  would,  fail  to  recover  all  his  fixed 
costs. 

The  variations  among  crops  in  net  returns -over-variable  expenses  per  acre 
exert  important  effects  on  crop  choices  and  resource  allocations  under  water 
scarcity  or  high  water  cost  conditions.    Under  System  C,  an  operator  should 
allocate  the  first  9OO  acre-feet  of  a  scarce  water  supply  to  cotton;  this 
quantity  at  zero  price  per  acre-foot,  would  increase  total  farm  net  retums- 
over-variable  expenses  by  an  average  of  $59.00  per  acre-foot.    The  next  39O 
feet  would  return  $1|3.00    per  acre -foot,  if  applied  to  blackeyed  beans  on 
Chirio  (Grade  l)  soil;  following  this  second  increment,  the  operator  should, 
allocate  the  first  38O  acre -feet  of  any  additional  supplies  to  alfalfa  hay 
grown  on  Chlno  soil.    It  should  return  him  slightly  more  than  $13.00  per  foot, 
as  would  further  additions  also  used  for  alfalfa,  but  on  Traver  (Grade  II )  soil. 

Changing  water  costs  also  bear  heavily  on  enterprise  choice  and  resource 
allocation  decisions.    For  System  B,  with  water  variable  expenses  varying  from 
zero  to  approximately  $30.00  per  acre-foot,  each  of  five  different  combinations 
of  enterprises  and  their  respective  acreages  permits  the  operator  to  obtain 
maximum  profits  (or  hold,  losses  to  a  .  .;inimum)  within  some  interval  along  this 
water  cost  scale.    Only  one  (from  zero  to  almost  $12.00  per  acre-foot)  would 
yield  net  returns -over- variable  costs  at  a  sufficiently  high  level  to  cover 
total  farm  fixed  costs.    Cotton  dominates  all  five  farm  organizations  in  this 
analysis;  it  is  profitable  to  operate  all  the  Chino  (Grade  l)  soil  through  the 
first  fo\xr  price  increase  intervals  for  water,  and  their  associated  variations 
in  farm  cropping  organizations.    At  the  highest  cost  level,  however,  ($25.50 
to  $32.00  per  acre-foot)  the  optimiam  cropping  organization  leaves  61  acres  of 
this  best  soil  idle.    Farmers  who  know  these  relationships  should  reduce  quantities 
of  water  used  as  costs  per  acre-foot  rise  in  order  to  obtain  maximiam  profits 
(or  hold  losses  to  a  minimum).    The  adjustments  in  acreage  allocations  represented 
by  these  five  different  optimum  cropping  organizations  for  System  B  vmder 
varying  water  prices  indicate  the  nature  of  these  shifts.    Farmers  use  drier 
treatments,  shift  to  lower  water  requirement -crops,  leave  some  land  idle,  or 
finally,  go  entirely  out  o?  production. 


-3- 


Water  shortages,  or  excessively  high  costs,  sharply  reduce  total  farm 
profits.    At  $3.36  per  acre-foot  for  irrigation  water,  the  operator  on  a 
System  C  farm  (excluding  cantaloups  and  sugar  heets)  wouW  realize  over  $l6,000 
as  pay  for  his  managerial  services  and  as  reward  for  risking  over  one -half 
million  dollars  in  the  business.    His  management  return  would  drop  to  $3,200 
if  water  variable  costs  rise  to  $8.00  per  acre-foot.    Systems  A  and  B,  with 
other  high-net -return  crops  in  addition  to  cotton,  wo\ild  fare  better  thtm 
System  C;  net  earnings  at  $8.00  per  acre-foot  water  costs  would  stiU  hoM 
at  nearly  $19,000. 

Inadequate  water  quantities  also  handicap  farmers;  reducing  total  water 
available  to  l,6l6  acre-feet,  with  variable  costs  remaining  at  $3.00  per  acr'e- 
foot,  exerts  about  the  same  profit -depressing  influence  on  the  System  G  model 
as  increasing  water  costs  from  $3.36  to  $8.00  per  acre-foot,  with  no  reduction 
in  quantity. 

i 

Price  changes  for  the  product  representing  the  major  income  source  can 
greatly  influence  gross  receipts,  farmer  ability  to  pay  for  irrigation  water, 
and  profits.    Cotton  is  the  product  holding  such  status  on  general  crop  farms 
in  the  San  Joaquin  Valley  Eastside.    We  analyzed  how  cotton  lint  price  varia- 
tions might  affect  irrigated  operations  and  profits,  assuming  the  United  Ste-tes 
price  supports  and  acreage  allotments  do  not  exist,  and  that  fanners  foUow 
production  policies  that  will  return  maxlDium  profits. 

Under  such  free  market  conditions,  cotton  will  enter  the  cropping  plan 
when  lint  prices  reach  about  18  cents  per  pound.    Relatively  small  rises,  up 
to  about  21  or  22  cents  per  pound,  will  stimulate  sharp  acreage  and  production 
increases.    Using  System  B  (including  sugar  beets,  but  no  cantaloups)  we  found 
that  net  returns-over-variable  expenses  reach  the  $6lt-,000  breakeven  level  with 
cotton  lint  prices  at  21.5  cents  per  pound.    This  assuiaes  that  irrigation  water 
variable  costs  are  $3.00  per  acre-foot.    Lint  prices  would  need  to  reach  27.5 
cents  per  pound,  and  cotton  acreage  about  1^00  acres  (as  compared  with  the  33 
cents  price  and  200-acre  allotment  under  the  actual  United  States  cotton  pro- 
graDi)  for  the  61)0-acre  farm  model  to  return  as  much  profit  under  conditions 
of  ttilG  study  as  price  suppoits  and  allotments  permitted  in  the  late  1950' s. 
Still  higher  lint  prices,  and  greater  production,  are  required  if  irrigation 
water  variable  costs  rise  above  thecesumed  $3-00  level.    Under  conditions  of 
this  study,  farmers  couM  not  afford  to  pay  more  than  this  $3-00  per  acre- 
foot  in  irrigation  water  variable  expenses,  and  remain  in  business,  unless 


(a)  cotton  lint  sells  for  at  least  21.5  cents  per  pound,  and  (b)  they  are 
free  to  plant  up  to  375  acres  In  cotton,  and  to  produce  about  800  bales. 
Any  further  cotton  price  gains  above  this  level  would  return  the  grower  a 
profit  above  total  farm  fixed  costs;  this  revenue  could  make  it  possible 
for  him  to  meet  higher  water  costs. 
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ECONOMICS  OF  ON-FARM  IRRIGATION  WAIER  AVAILABILITY  AWD  COSTS, 
AND  RELATED  FARIl  ADJUSIWNTS 


1.    Enterprise  Choices,  Resource  Allocations,  and  Earnings  on  6ii-0-Acre 
General  Crop  Farms  in  the  San  Joaquin  Valley  Eastside 


Trimble  R.  Hedges  emd  Charles  V.  Moon 


TEES  STUDY  A^IALTZES  HOW  VARIATIONS  IN  IRRIGATION  WATER  QUALITIES 
OR  COSTS  AFFECT  RESOURCE  USE  AND  EARNINGS  ON  HTOIVIDUAL  FARI'IS 

The  broad  objectives  of  this  investigation  are  to  establish  and  measure 
as  accurately  as  possible  the  effects  of  variations  in,  first,  farm  irrigation 
water  quantities,  and,  second,  costs  on  relative  pi-ofits  from  alternative  crops 
and  land  uses;  on  optimum  choices  and  resource  allocations  among  crops;  on  total 
farm  organization,  production  and  profits.    The  analysis  also  must  consider 
relevant  economic  and  institutional  factors,  incliiding  costs  for  other  resoiurces 
and  prices  for  products  sold.    In  order  to  accomplish  these  over -all  goals, 
specific  objectives  miast  be  met;  it  is  necessary  to: 

1.  Construct  input -output  models  for  irrigation  water  use  in  crop 
production;  including  both  annual  totals  and  seasonal  distribu- 
tion patterns.    These  models  must  establish  quantitative  and 
temporal  relationships  between  water  Inputs  and  i^roduct  outputs 
or  yields. 

2.  Establish  the  physical  characteristics  of  farm  Irrigation 
water  supplies,  including  both  underground  and  surface 
sources;  determine  how  such  characteristics  relate  to  costs; 
establish  the  cost  components  and  structure  for  farra  Irrigation 
water,  including  both  fixed  and  variable  elements. 

3.  Construct  a  farm  model  that  will  typil"y  modal  characteristics 
for  a  specific  farm  organization  and  size  under  specified 
conditions,  in  order  to  Identify  and  measure  how  varying 
water  supply  and  cost  conditions  affect  total  farm  performance 
and  profits. 

h.    Construct  complete  input -output  models  for  all  production 
materials  and  services;  determine  total  revenue,  aggregate 
variable  expenses,  and  net  returns -over -variable  expenses  for 
each  alternative  crop;  relate  these  basic  facts  to  relevant 
resoiirce,  economic,  and  institutional  conditions  for  the  farm  model. 


1/    Trimble  R.  Hedges  is  Professor  of  Agricultural  Economics  and  Agricultural 
Economist  in  the  ExiJerlment  Station  and  on  the  Giannlnl  Foundation;  Charles  V. 
Moore  is  Agricultural  Economist,  Agricultural  Adjustments  Branch,  Farra  Economics 
Division,  Economic  Research  Service,  U.S.D.A.,  Davis,  California.    He  formerly 
was  Assistant  Agricultural  Economist  in  the  Experiment  Station  and  on  the 
Giannlnl  Foundation,  University  of  California,  Davis,  California. 
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5.  Identify  economic  choice  criteria  governing  crop  selection 
and  resource  allocations;  develop  effective  measurement 
techniques  for  the  purpose  of  maximizing  enterprise  and, 
ultimately,  total  farm  net  profits. 

6.  Establish  the  relationships  between  irrigation  water  supply 
and  costs,  and  seasonal  availability  characteristics,  on  the 
one  hand,  and  the  critical  resource  use  and  earning  features 
of  the  total  farm  business,  on  the  other;  consider  the  in- 
fluence of  varying  supplj-  and  price  conditions  for  other 
critical  resources  and  for  Important  farm  products. 

7.  Explore  the  opportunities  for  adjusting  the  fann  organization 
to  variations  in  availability  and  cost  of  water,  and  to 
changes  in  other  major  institutional  and  economic  forces 
affecting  farm  organization  and  earning. 


Water  Costs  May  Limit  Decisions  on  Irrigated  Farms 

Total  costs  for  irrigation  water  vary  widely  at  any  one  time  on  California 
farms.    This  is  true  regardless  of  whether  farmers  p\jmp  water  from  underground, 
obtain  it  from  agencies  furnishing  surface  water,  or  rely  on  a  combination 
of  these  sources.    A  recent  analysis  based  on  San  Joaquin  Valley  conditions 
found  that  total  farm  pmping  costs  varied  from  as  low  as  $2.k0  to  as  high 
as  $22.63  per  acre-foot,  depending  upon  pimping  lift,  plant  efficiency,  dis- 
charge per  minxrte,  and  other  factors .i/    Similar  cost  variations  can  exist  in 
surface  water  costs;  another  study  in  the  same  region  indicated  that  irrigation 
district  costs.  Including  toll  rates  (variable  costs)  plus  assessments  (fixed 
costs)  to  farmers  for  Irrigation  water  delivered  to  the  farm  head  gate  varied 

from  a  low  of  $1.1^4-  per  acre-foot  for  one  district  in  a  wet  year  to  $9-33  for 

2/ 

another  during  a  dry  year.-'     Even  wider  variations  are  possible  in  the  future; 
the  possibilities  for  low  cost  water  developments  already  have  been  exploited. 
Additional  supplies  of  irrigation  water,  to  be  required  for  increased  irrigation 
on  both  existing  and  newly-developed  land,  inevitably  will  come  at  higher  costs 
than  farmers  now  pay. 


1/    Moore,  Charles  V.,  and  Trimble  R.  Hedges,  "Irrigation  Costs  of  Pumping 
in  the  San  Joaquin  Valley,"  California  Agriculture,  Vol.  ik,  No.  10,  University 
of    California,  October  I960,  pp.  3-k. 

2/    Moore,  Charles  V.,  and  Trimble  R.  Hedges,  "Water  Deliveries  and  Costs 
in  the  Sem  Joaquin  Valley  Cotton  Area, "  California  Agriculture,  Vol.  15, 
No.  3,  March  I961,  pp.  7-8. 
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Quantities  of  water  that  farmers  apply  vary  widely  according  to  crops, 
soils,  climatic  conditions,  irrigation  systems,  and  other  factors.  Survey 
data  obtained  in  this  study  indicate  that  applications  in  the  San  Joaquin 
Valley  may  vary  from  as  little  as  l8  acre- inches  for  barley  to  60  inches  or 
more  for  alfalfa  hay;  much  of  the  irrigated  land  receives  water  at  the  rate 
of  36  to  kQ  inches  per  year.    Cost  variations  such  as  those  cited  above  have 
serious  impacts  on  profit  rankings  and  farmer  choices  among  alternative  crops. 
They  also  can  exert  important  influence  on  net  earnings  and  total  farm  profits. 
A  farmer  applying  five  acre- feet  of  water  per  acre  to  alfalfa  hay,  for  example, 
would  incur  total  water  costs  of  $12.50  per  acre  at  $2.50  per  acre- foot,  $50.00 
if  the  cost  rose  to  $10.00,  and  $75-00  if  it  reached  $15.00.    Such  input  cost 
variations  for  this  and  other  crops  present  farmers  with  critical  decision 
situations. 

Not  only  is  the  total  cost  important  in  irrigation  decisions;  the  propor- 
tion of  costs  that  are  fixed  and  that  are  variable  also  frequently  has  important 
influence.    Power  charges  dominate  variable  expenses  in  pmping  from  underground 
sources,  with  various  overhead  items  on  wells  and  plants  as  fixed  costs.  Similarly, 
delivery  charges  according  to  a  quantity  unit  represent  variable  outlays  for 
surface  water;  charges  for  amortizing  and  maintaining  water  agency  facilities, 
usually  assessed  on  a  per  acre  basis,  make  up  the  fixed  costs.    Farmers  must 
consider  all  these  costs  and  their  relative  size  when  they  make  irrigation 
decisions.    An  important  fact  in  such  considerations  is  that  fixed  costs,  once 
incurred,  continue  regardless  of  how  much  water  deliveries  vary. 
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PlffSICAL,  INSTITUTIONAL,  PM)  ECONOMIC  DETEMNANTS  ESTABLISH  THE  DECISION 
FRA14EV/0RK  FOR  IRRICrATl©  FAEM3  IN  TULARE  COUNTY 

IjxnA  and  Soil  Cha.racteristlcs  Define  Production 
Potentia.ls  for  Irrigated  Farms 

Tulare  Coimty  in  the  southeastern  segment  of  the  San  Joaquin  Valley 
and  associated  mountainous  drainage  areas,  includes  the  area  covered  by  this 
study    (see  Figure  l) .    V7e  are  concerned  in  the  analysis  with  the  valley  land, 
and,  specifically,  with  the  farms  occupying  its  irrigated  portions.    For  i960 
total  irrigated  land  is  estimated  at  627.7  thousand  acres;  this  area  produced 
crops  with  a  market  value  of  ■t.221.1+  million. 

Tulare  County  includes  sizeable  acreages  of  highly  productive  soils  among 
its  irrigated  alluvial  valley  land.    Soil  surveys  for  Pixley  and  Visalia  areas 
indicate  that  38  percent  of  the  1.2  million  acre  total  classes  as  Grades  I  and 
II  according  to  the  Storie  Index. These  soils  are  Mghly  suitable  for  intensive 
farming  under  irrigation;  they  have  the  capacity  to  use  large  quantities  of 
irrigation  water,  fertilizer,  labor,  power,  and  other  Inputs,  and  to  return 
high  yields  of  the  principal  adapted  field  and  fruit  crops.    Grade  III  soils, 
representing  another  38  percent  of  the  total,  also  lend  themselves  to  Irrigation, 
although  their  range  of  crop  adaption  is  somewhat  narrower,  and  their  yields 
lower  than  those  for  the  two  higher  quality  soil  grades. 

C limat ic  Conditions  Make  Irrigation  Essential  for  Profitable 
Fain^ng,  but  Othervrise    Favor  High  Production 

Low  annual  precipitation,  virtually  all  of  which  occurs  during  the  months 
of  October  through  April,  coupled  with  hot  siunmers,  limit  nonirrigated  crop 
production  to  barley,  oats,  and  wheat  for  grain  or  hay  (see  Figure  2).  Even 
this  production  is  uncertain    and  characterized  by  low  yields  under  the  best 
conditions.    Fallow  rotations  help  lessen  uncertainty,  but  cannot  assure  farmers 
of  economic  yields.    Mean  annual  precipitation  averages  9-5  inches  in  the 
irrigated  areas  of  Tulare  County.^    Seldom  does  the  total  during  the  months  of 
May  through  September  equal  as  much  as  one  inch I  | 

1/    Caton,  Douglas  D.,  Trimble  R.  Hedges,  and  W.  Neill  Schaller,  Inputs  and 
Costs  for  Producing  Field  Crops,   3.    San  Joaquin  Valley  Eastside  Cotton  Fagns, 
3^-^19^^,  UniversltT'^rCalifornia,  Agr.  Expt.  Sta.,  Giannini  Foundation  Mimeo. 
Rept.  No.  203,  May  I958,  p.  2. 


ments 


Eastside  Cotton  Farms ,^933-19^^  •  University 
Gi^inl  Foundation  Miiueo.  Rept.  No.  202,  May  19'?ii,  pp.  9-10- 
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FIGURE  1,     STUDY  AREA  AND  PUMP  LIFTS,  SAN  JOAQUIN 
VALLEY. 


FIGURE  Z.     PRECIPITATION,  TEMPERATURES,  AND  GROWING  SEASON; 

visALiA  y 

I 

— —  —  1 


Jan.    Feb.    Mar.  Apr.    May  June  July     Aug.    Sept.    Oct.    Nov.  Dec. 


Month 

1^/  Sources:    Climatological  Data,  U.  S.  Weather  Bureau;  Period  Averages:  Pre- 
cipitation -  58  years;  Temperatures  -  mean  46  years,  maximum  &  minimum  33  years. 
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other  climatic  characteristics  in  the  eastern  San  Joaquin  Valley  (Eastside) 
are  highly  favorable  for  crop  production;  they  permit  farmers  to  choose  from 
among  a  wide  range  of  alternatives,  and  to  obtain  relatively  high  yields  under 
effective  management.    Growing  seasons  exceed  250  days  throughout  the  irrigated 
portions  of  Tulare  Coianty,  while  mean  temperatures  are  in  the  eighties  dviring 
July.    Winter  temperatiires  seldom  drop  below  freezing    and  usually  average  in 
the  mid-forties  during  January  (see  Figvire  2). 

Seasonal  Shortages  of  Irrigation  Water  Occur  on  Many  Farms;  These 
Are  Aggravated  During  Years  of  Low  Annual  Precipitation 

Farmers  in  Tulare  County  depend  heavily  on  undergromid  water  pumped  by 
their  own  plants.    Many  also  use  surface  water  for  supplementary  irrigation; 
some  depend  almost  entirely  on  this  source,  particularly  since  the  Bureau  of 
Reclamation  has  completed  the  Friant-Kem  Canal,  and  established  regular  water 
deliveries.    Water  tables  had.  fallen  extensively  in  the  county,  particularly 
in  certain  areas,  before  Friant-Kem  water  became  available.    Surface  water 
supplies  available  from  irrigation  districts  and  other  agencies  were  inadequate 
to  prevent  the  groixndwater  overdrafts  that  led  to  lowering  water  tables.^ 
Operators  on  many  farms  continue  to  be  short  of  water  for  irrigation  during 
the  higher-vise  months,  either  from  reduced  pimping  discharge  rates  accompanying 
seasonal  drawdowns.  Inadequate  supplies  of  surface  water,  or  a  combination 
of  both  limitations.    Such  shorta^jes  usually  worsen  in  low  precipitation  years 
and  become  quite  acute  if  two  or  more  such  years  occur  consecutively.  Under 
these  conditions,  further  expansion  in  irrigated  acreages  for  Tulare  County 
must  bring  increasing  water  shortage  problems. 

Supplies  of  Other  Resources  and  Market  Outlets  Are  Generally  Favorable 

Both  farm  supply  and  marketing  agencies  and  facilities  in  Tulare  County 
are  adequate  for  practically  all  requirements  under  existing  production  patterns. 
LDcal  labor  supplies  represent  one  imi;ortant  exception;  fanaers  depend  on  outside 
seasonal  workers  for  much  of  the  hand  weeding  and  hoeing,  and  for  a  sizeable 
segment  of  the  labor  requirements  in  harvesting.    Mechanization  in  the  cotton 
harvest  (93    percent  machine -picked  in  I961)  and  in  other  operations  has  reduced 
the  serioiisness  of  this  shortage;  nilgrant  American  workers  and  foreign  nationals 
jointly  supplement  resident  seasonal  workers  and  meet  farm  needs. 


1/    State  of  California,  Department  of  Water  Resources,  Ground  Water  Conditlona 
in  Central  and  Northern  California,  1957-58,  Bui.  No.  77-58,  Table  5,  Sacri3iaento, 
California,  1959,  P-  07- 
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Cotton  acreage  allotments,  proportionate  shares  in  sugetr  beets,  and  the 
necessity  to  obtain  a  marketing  contract  for  many  of  the  specialty  crops  do 
impose  constraints  on  individual  farmer  decisions  in  allocating  land  etnd  other 
resources.     Capital  shortages,  likewise,  limit  some  farmers  in  their  freedom 
to  choose  among  alternative  lines  of  production,  and  to  allocate  their  other 
resources.    Price  support  policies  and  levels,  finally,  exert  highly  important 
influences  on  gross  receipts,  net  returns,  and  farmer  decisions  for  any  particular 
year.    Thus  California  farmers  accounted  for  a  large  fraction  of  the  total 
increase  In  United  States  cotton  acreage  accompanying  the  Plan  A-B  option  in 
1959  and  i960.    Our  procedure  in  this  emalysis  recognizes  these  several  forces, 
and  underteJces  to  evaluate  their  influence. 


-13- 


A  bl+O-ACRE  GENERAL  CROP  OPERATION  WITH  CHARACTERISTICS  TYPICAL 
OF  TULARE  COUNTY  IS  THE  BASIS  FOR  TIES  AIW-LYSIS 


Farmers  g-iid  Service  Agencies,  Both  Public  and  Private,  Supplied  the  Data  on 
Resources,  Organizational  and  Operational  Characteristics 

Test  results  for  11,000  wells  covering  a  five-year  period  vere  available 
for  this  analysis  tlarough  the  courtesy  of  the  electric  power  companies  and  tlie 
United  States  Geological  Survey  under  proper  arrangements  for  safe-guarding 
the  privacy  of  data  for  individual  operations.    Similar  arrangements  also 
made  available  the  driller's  reports  for  300  wells  drilled  and  developed  during 
the  same  period.    It  proved  possible  by  using  these  data,  plus  appropriate 
information  on  pimip  and  motor  characterictics  as  supplied  by  irrigation  pump 
companies,  to  establish  reasonably  definite  operational  and  cost  characteris- 
tics for  wells  and  pumping  plants  in  the  southern  San  Joaquin  Valley. 

Official  reports  and  various  officials  and  researchers  in  the  State  • 
Department  of  Water  Resources  supplied  detailed  information  regarding  ground- 
water conditions,  over-all  use,  and  the  relationships  between  precipitation 
and  run-off  on  the  one  hand,  and  surface  water  availability  on  the  other.  We 
drew  on  irrigation  district  and  Bureau  of  Reclamation  reports  to  obtain  water 
delivery  and  cost  information  for  irrigation  districts  and  other  water  agencies. 

Soil  survey  reports  were  available  for  the  Pixley  and  Visalia  areas. 
These  reports  furnished  soil  classifications,  major  characteristics  of  each 
series-type,  and  inventories    of  the  acreages  in  the  more  important  grades. 
This  information  became  the  basis  for  our  analysis  of  soil-water-plant  rela- 
tionships and  yields  for  each  crop.    Weather  data  also  came  from  official  re- 
ports; these  were  essential  in  analyzing  irrigation  requirements. 

Evapo -transpiration  and  soil  water-holding  capacity  data  were  particularly 
Important  to  this  analysis;  v/e  obtained  all  available  Information  through  the 
cooperation  of  researchers  in  the  soil-water-plant  relationships  area.  Fund- 
amental   research  in  this  field  has  progressed  to  the  extent  that  some  impor- 
temt  quantitative  results  are  available  from  experimental  work.    These  results 
are  not  extensive  enough,  however,  to  provide  all  detailed  and  complete 
quantitative  data  needed  for  the  crops,  soils,  and  climatic  conditions  Included 
In  this  study.    We  used  estimates  to  compensate  for  such  lacks,  basing  them  on 

1/    Moore  and  Hedges,  0£.  cit..  Vol.  ik,  Nos.  8  and  10,  Vol.  15,  Wo.  3, 
p.  3  and  h. 


-Ik- 


experimental  data  that  were  available,  plus  the  suggestions  and  Judgment  of 
soil-water-plant  relationships  researchers.  ^ 

Interviews  with  farmers,  machinery  dealers  and  other  farm  supply  agencies, 
agricultural  researchers,  extension  specialists,  and  farm  advisors  provided 
the  basic  data  on  farm  organization,  resource  availability  and  use  patterns, 
production  technology,  practices,  and  inputs,  and  the  general  cost  structure. 
Through  cooperation  of  the  Agricultural  Stabilization  and  Conservation  Committees 
at  county  and  state  levels  It  was  possible  to  use  their  grower  lists  for  draw- 
ing a  spjnple  of  operators  in  the  500- to  700-acre  size  group.    The  procedure  in- 
cluded interviews  with  'i^O  growers  and  an  equal  number  of  dealers  and  service 
agency  representatives,  both  public  ajid  private.    In  addition,  much  information 
from  earlier  research  and  c:±ension  actiArlty  in  the  same  area  proved  useful  in 
this  study,  either  to  supplement,  verify,  or  interpret  the  interview  data. 

Historical  records  ojid  official  reports,  as  well  as  interviews,  contributed 
price  and  cost  data.    These  v/ere  necessary  to  establish  the  price  framework 
for  analyzing  how  varying  quantities  and  costs  for  water,  other  major  Inputs, 
exid  cotton  selling  prices  would  affect  optimum  resource  allocation  and  returns. 
United  States  Department  of  Agriculture  and  California  Crop  and  Livestock  Re- 
porting Service  records  and  reports  were  valuable  rsources  for  these  data. 

The  Farm  Model  Represents  a  Synthesis  of  Modal 
Characteristics  in  the  Study  Area  1/ 

Soils  and  acreages  of  each  in  the  farm  model  represent  both  the  relatively 
heavy  and  the  lighter  soils  in  Tulare  Coimty.    Chlno  clay  loam.  Grade  I  xmder  the 
Storie  Index,  is  the  heavier  series -type  while  Traver  fine  sandy  loam,  classes 


1/    Major  terms  relating  to  farm  models  appearing  in  this  report,  and  their 
definitions,  are  as  follows: 

Cropping  System  -  detailed  cropping  organization  for  a  Farm  Model.  | 

Farm  Model  -  synthesized  Farming  System,  based  on  modal  farm  characteristic 
date  for  a  particular  geographic  subarea. 

Farming  System  -  Detailed  organization,  methods  of  operation,  and  practices  used 
on  a  Farm  Model  (see  Appendix  Tables  B-1,  B-2,  and  C-l). 

Subarea  -  a  segment  of  a  major  geographic  area,  such  as  the  San  Joaquin  Valley, 
selected  for  study.  | 

Irrigation  Practice  -  technique  or  method  used  in  irrigation,  identified  in  this 

study  by  the  depletion  level  for  available  soil  moisture  prior  to  irrigation. 

Variable  Expenses  (Costs)  -  sum  of  annual  cash  operating  expenses,  pliis  impaid 
family  (  operator's)  labor      (see  Appendix  Ta-bles  C-l,  C-2).    This  item  may 
appear  as  Variable  Expenses  (Costs)  per  Acre  for  a  single  crop,  or  as  Farm 
Variable  Expenses  (Costsy^'presenting  the  total  for  an  entire  farm. 

(Continued) 
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as  Grade  II,  represents  the  lighter  group.    Acres,  major  uses,  aad  percentages 

that  each  soil  series -type  represents  of  all  farm  land,  are  as  follows: 


All  Land  Irrigable  Lemd      Farmstead,  Roads 

Soils  acres    percent      acres    percent       acres  percent 


Chino  clay  loam 

70 

1+21 

65.8 

27 

1+.2 

Traver  f.s.l. 

192 

30 

iBl 

28.3 

11 

1-7 

OXDTAL 

61+0 

100 

602 

9^.1 

38 

5.9 

It  was  not  feasible  to  include  each  soil  series -type  occurring  in  the  study 
area  when  developing  the  model  for  analysis;  the  ones  chosen  apply,  however, 
to  a  range  of  similar  soils  within  the  respective  grades.    Thus  the  Chino 
series  resembles  the  Tulare  series  of  western  Tulare  County  in  textxire  and 
productivity. 


1/  (Continued) 

Fixed  Costs  -  sum  of  annual  cash  and  noncash  costs  for  using  capital  items  and 
for  general  costs  not  readily  allocated  to  specific  enterprizes  (see 
Appendix  Table  A-3). 

Gross  Receipts  -  sum  of  annual  receipts  from  sales  of  farm  crops. 

Net  Returns -Over-Variable  Expenses  (Costs)  -  Gross  Receipts  minus  Variable 
Expenses .    (Costs)  (see  Appendix  Tables  C-3  and  C-4).    This  item  may 
appear  as  Met  Returns -Over-Variable  Expenses  (Costs)  for  a  single  crop 
acre,  or  as  Farm  Net  Returns -Over-Variable  Expenses  (Costs)  represent- 
ing the  total  for  an  entire  farm. 

Net  Farm  Income  -  Net  Cash  income  plus  (or  minus)  inventory  changes  on  non- 
capital items  and  minus   noncash  fixed  costs  (not  including  interest 
on  investment).    Any  unpaid  labor  contributed  by  the  fam  operator  is 
not  included  in  the  farm  expenses. 

Profit  (Capital  and  Management  Income)-  Net  Farm  Income  minus  the  value  of 
any  unpaid  labor  ( inc luding  operator ' s ) . 

Management  Income  -  Profit  less  six  percent  on  the  total  farm  capital.  The 
residual  (and  it  may  well  be  negative)  is  payment  for  the  operator's 
managerial  ability  and  services. 

Rate  Earned  -  Profit  (Capital  and  Management  Income)  expressed  as  a  percent- 
age of  the  farm  capital. 
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Irrigation  facilities  and  water  supplies  for  the  farm  model  are  consist- 
ent with  these  established  by  the  analysis  of  ground-water  conditions,  well 
characteristics  and  pumping  costs,  ajad  surface  water  availability  and  costs 
as  reported  above .    Major  characteristics  for  deep  well  turbine  pumping 
plants,  adjusted  for  seasonal  dravrdown,  are  as  indicated  below:  ' 

1  March- 31  May    1  June -31  July      1  Aug. -28  Feb. 

feet 


Total  lift  127. 14-  132. k  137. h 

G.P.M.  960.0  905.0  850.0 

KVm  per  acre -foot  225.3  2^2. 3  26I.O 

Over-all  plant  efficiency  57.9  55-9  53-9 

t 

Pumping  facilities  for  the  6i;0-acre  model  include  five  such  wells,  providing 
18.87  acre- feet  of  irrigation  water  per  2i^-hour  day  in  February,  21.33  for 
the  next  three  months,  20.13  durinfi  the  June-July  period,  and  I8.87  in  Ai:igust 
and  September.    Surface  water,  diverted  from  unregulated  stream  flow,  provides 
supplemental  amounts;   .58  acre- feet  per  day  during  February,  l.k2  in  March, 
1.77  in  April,  5.9  for  May,  and  1.79  during  June.    Total  water  available  to 
the  operator  of  this  SkO-acre  farm  with  602  acres  irrigable  thus  varies  from 
18.87  acre- feet  per  day  during  the  late  summer  months  to  a  maximum  of  27.23 
in  M8,y  when  surface  water  is  most  plentiful  (see  Figure  3).    Annual  supplies 
for  the  February-September  period  include      586  acre- feet  pumped  from  imder- 
ground,  plus  350  of  surface  water,  or  a  total  of  ^,936  acre- feet.  | 

Power  and  machinery  inventories  and  investments  heavily  emphasize  row 
crop  production,  but  Include  hay  mowing  and  raking  machinery,  and  planting 
equipment  for  small  grains  (see  Table  l) .    Farm  operators  commonly  contract 
with  custom  operators  for  hay  baling  and  grain  harvesting.  | 

Total  fixed  costs  include  noncash  and  cash  overhead  on  farm  property, 
plus  general  farm  overhead  (see  Table  2).    Land  Inventory  values  are  not  pre- 
cise market  or  sales  values;  they  reflect  a  combination  of  price -affecting 
forces,  including  tax  assessments,  basic  physical  productivity,  and  farm 
product  values  computed  on  a  period  normal  basis .    These  est Jjnates  are  val- 
uable primarily  for  the  purpose  of  si:iggesting  the  relationship  of  total  I 
farm  earnings  to  farm  capital  investments,  and  for  making  comparisons  among 
farm  units  of  various  sizes  at  later  stages  in  the  research  project  of 
which  this  analysis  is  a  part .    Farm  life  for  structures  and  equipment. 
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FIGURE  3.    IRRIGATION  WATER  SUPPLY  640-Acre  Farm  - 
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u  1/  Assumes  pvimps  operate  24  hours  per  day  during  Irrigation  Season. 


TABLE  1 


Farm  Real  Estate  and  Operating  Equipment  Inventories 
and  Investments;  6ij-0-Acre  Crop  Farm 


Item 

Size 

or  capacity 

Number 

Useful 
life  on 
farm 

Initial 
cost 

Salvage 
value 

Average 
value 

1 

3 

k 

5 

6 

years 

dollars 

1  Land 

1     Raw  land 

$500/acre 

6ko 

acres 

Leveling 

$100/acre 

6k, 000 

0 

6k, 000 

i"OTAL 

$600/acre 

38t^,ooo 

38U,ooo 

Improvements 

625 

Tractor  shed 

1 

30 

1,250 

0 

Storage  shed 

2 

3^ 

l+,000 

0 

2,000 

Fuel  storage  (gas) 

550 

gal. 

1' 

20 

135 

0 

67 

Fuel  storage  (dlesel) 

550 

gal. 

1 

dv 

135 

0 

67 

Shop  equipment 

10 

1,000 

0 

500 

Labor  housing 

2 

bedroom 

3 

27 

21^,000 

0 

12,000 

TOTALS 

30,520 

15,259 

Irrigation 

23,845 

Pumps 

h.p. 

5 

20 

2,530 

13,187 

Wells 

6t8 

ft. 

15 

U8,830 

0 

Zkykl"^ 

Pipeline 

li^  in. 

Ik 

in. 

10,560 

ft. 

ko 

9,821 

0 

k,910 

18  in. 

18 

in. 

6,600 

ft. 

ko 

8,778 

0 

Stands 

36 

in. 

8 

ko 

i^52 

0 

276 

Vents 

5 

in. 

2k 

ko 

^^13 

0 

206 

Alfalfa  valves 

Ih 

in. 

2kd 

30 

7,800 

0 

3,900 

Syphons 

2 

in. 

600 

3 

1,200 

0 

600 

Irrigation  ^dded) 

16,316 

580 

Q,kkQ 

TOTALS 

li7,i^35 

3,110 

60,331 
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Table  1  continued- 


Item 

Size 

or  capacity 

Number 

Ubcl  1 1  1 

life  on 
farm 

Initial 
cost 

Salvage 
value 

Average 
value 

1 

2 

3 

h 

6 

years 

dollars 

Power 

Tractor,  tracked 

TO 

h.p. 

1 

10 

17,160 

2,40 

2 

9,781 

Tractor,  wheel 

35 

h.p. 

8 

10,290 

1,23 

5 

5,762 

Tractor ,  wheel 

25 

h.p. 

2 

8 

5,620 

67 

4 

3,li^7 

Transport 

1/2  T 

Pickup 

3 

5 

7,170 

2,15 

1 

4,660 

Truck 

1 

1/2  T 

1 

10 

3,785 

378 

2,081 

Trailer,  equip. 

—  — 

1 

500 

0 

250 

Trailer ,  cotton 

5 

bale 

6 

10 

3,600 

0 

1,800 

Trailer.  low--lie>d 

mm  M 

1 

■I. 

500 

0 

250 

Machinery 

f t .  X  40  ft . 

T.nnd  Tilane 

10 

1 

20 

2,700 

0 

1,350 

ScraDer 

10 

ft. 

1 

10 

750 

0 

375 

Ditcher 

in. 

1 

20 

4oo 

0 

200 

Chisel 

12 

ft . 

1 

10 

1,200 

0 

600 

Subsoiler 

2 

shank 

1 

10 

1,400 

0 

700 

PI  ow    2-wav  MR 

i.    '  \^  Yl    ■                r»  ^^^j       I'll  1 

2 

X  15  in. 

1 

10 

825 

0 

4l2 

Disc  harrow. 

lo 

ft . 

1 

10 

2,050 

0 

1,025 

Ddsc  harrow.  'OF, 

T 

1/2  ft. 

1 

10 

800 

0 

Uoo 

Tii  ster 

1, 

1+ 

row 

1 

10 

225 

0 

113 

Hill    "i  nar*  Vp 

20 

ft. 

1 

IS 

875 

0 

Harrow    SDlke  ■booth 

30 

ft. 

1 

20 

250 

0 

125 

Disc .  border 

1 

10 

0 

Planter 

k 

row 

1 

10 

1,000 

0 

500 

Cultivator 

ll 

row 

2 

10 

1,750 

0 

875 

Stalk  cutter 

2 

row 

1 

10 

675 

0 

338 

Cotton  harvester 

2 

row 

1 

6 

19,000 

1,900 

10; 045 

Grain  drill 

10 

ft. 

1 

10 

800 

0 

Uoo 

Mower 

7 

ft. 

1 

5 

i^75 

0 

237 

Rake 

8 

ft. 

1 

10 

640 

0 

320 

TOTALS 

ALL  PROPERTY  TOTAL 

117,065 
649,020 

8,7i^< 
11,85< 

D 

46,295 
505,885 
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TABLE  2 


Siamnary  of  Fixed  Costs 
640-Acre  Crop  Farm 


Non  cash  fixed  costs 

Cash 

fixed  costs 

Total 

Interest 

all 

on  inv. 

Depreciation 

Total 

Taxes 

Insurance 

Other 

Total 

fixed  costs 

1 

2 

3 

4 

5 

6 

7 

8 

Basis  or  assessment 

Ave .  value 

Orig.  costs 

Assessment 

Ave .  value 

$6 . 50/ $100 

or  .02275  X 

Rate  or  levy 

6  percent 

varies 

ave .  value 

75  percent 

varies 

dollars 

Proi)erty 

6.240 

29,280 

T  anrl  AiiHA 

23,040 

23,040 

6.240 

Labor  housing.  3 

720 

900 

1,620 

270 

90 

360 

1,980 

Otlier  improvements 

195 

295 

490 

74 

20 

94 

584 

Irrigation,  (original) 

3,113 

5,466 

8,579 

1.196 

1,196 

9,775 

Irrigation,  (added) 

507 

968 

1,475 

194 

194 

1,669 

2,777 

9,kOh 

12,181 

1,054 

620 

1.674 

13,855 

TOTAL  PROPERTY 

30,352 

17,033 

hi, 3^5 

9,028 

730 

9,75a 

57,143 

General  overhead 

Social  Secirrity  and 

Worlsmen's  Comp. 

1,360 

1,360 

1,360 

Office,  accoTjnts,  and 

dues 

800 

800 

800 

Irrigation  demand 

charges 

l,i+97 

1,497 

1,497 

Irrigation  district 

assessToents 

3,200 

3,200 

3,200 

TOTAL  GEHEHAL 

6^857 

6^857 

6,857 

TOTALS 

30,352 

17,033 

9,028 

730 

6,857 

16,615 

64,000 

salvage  values  where  used,  prices  and  cost  rates,  and  such  items  as  assess- 
ments a,nd  levies  for  the  Old  Age  and  Survivor's  Insurance  under  the  Social 
Security  System  reflect  existing  or  normal  levels,  based  on  official  reports 
and  interview  data. 

The  farm  labor  force  includes  the  portion  of  the  operator's  time  not 
devoted  to  management  and  supervision,  three  full-time  hourly  wage  employees 
(whose  perquisites  include  free  housing  and  utility  services),  pluK  part-time 
hourly -wage  workers  as  required,  and  seasonally -contracted  hand  labor.  Among 
the  tasks  included  in  the  latter  category  are  cotton  chopping,  sugar  beet 
thinning,  and  similar    nonmechanized  production  inputs. 

Crops  and  acreages  on  6!+0-acre  farms  in  the  study  area  during  the  195^- 
1960  period  reflect  applicable  federal  farm  policies  and  regulations,  estab- 
lished marketing  arrangements  and  practices,  and  the  price  relationships  among 
products,  production  inputs,  and  services.    The  simplest  cropping  plan  usually 
includes  at  least  three  crops;  these,  by  typical  195^-1958  acreages,  were 
cotton,  260j  alfalfa  hajr  173^  and  barley^  132  acres .    Such  a  cropping  pattern 
leaves  37  out  of  the  602  acres  in  the  total  farm  fallow  or  idle.    Sugar  beets, 
dry  edible  beans,  and  cantaloups  are  the  more  common  among  specialty  crop 
choices,  but  potatoes,  alfalfa  seed,  and  sometimes  otheismay  enter  the  farm 
organization.    Some  farmers  also  grow  other  feed  crops;  among  these  are 
grain  sorghum  (milo),  irrigated  pasture,  field  corn,  wheat,  and  grain  hay. 
If  prices,  resource  availability  (e.g.,  quantities  of  irrigation  water), 
institutional  forces  (e.g.,  acreage  allotments),  or  other  conditions  change, 
crop  choices  and  acreage  and  other  resource  allocations  also  may  shift.  It 
is  the  purpose  of  this  study  to  determine  in  what  direction  and  to  what  de- 
gree; we  deal  with  these  questions  in  the  following  sections . 

Increased  latitude  for  expanding  cotton  acres  under  the  Plan  A-B  programs 
in  1959 -i960  broioght  increases  in  cotton;  some  growers  also  planted  other  crops, 
and  thus  avoided  leaving  tillable  acres  idle  or  fallow,  even  during  the  years 
of  normal  government  acreage  allotments  for  cotton.    Aggregate  acreage  data 
for  the  eastern  San  Joaquin  Valley  reflect  these  tendencies  among  operators 
on  farms  of  all  sizes  to  concentrate  heavily  on  cotton,  alfalfa  hay,  and  barley. 
In  spite  of  such  tendencies,  however,  growers  in  this  area  allocate  important 
acreages  of  land  to  various  other  field  and  specialty  crops.    Thus  we  include 
some  of  the  more  commonly  grow  specialty  crops  in  oiir  analysis;  we  consider 
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them  in  attempting  to  evaluate  how  variations  in  water  availability  and  costs, 
as  well  as  other  resource  and  price  conditions,  affect  optimum  resource  use 
and  earnings .    Such  determinations  may  provide  important  suggestions  as  to 
how  future  changes  may  alter  existing  relationships  among  crops  and  resources. 

Alternative  Crops  Vary  Widely  in  Gross  Receipts,  Input  Costs, 
and  Met  Returns  Per  Acre 

Total  fixed  costs  for  the  61lO-acre  farm  amounted  to  $61+,  000  of  which 
$57,000  represente costs  related  to  land  and  other  real  estate  items,  or  to 
farm  power,  machinery,  and  equipment  (see  Table  2).    Much  of  the  remaining 
$7,000  went  for  electric  power  demand  charges  and  irrigation  district  assess- 
ments, both  of  which  relate  closely  to  resource  use.    Thus  a  relatively  small 
amount  of  the  total  fixed  costs  represents  such  "overhead"  items  as  Social 
Security  taxes,  dues,  office  expense,  and  other  general  costs. 

Our  analysis  disregards  these  total  farm  fixed  costs  in  the  procedures 
directed  to  finding  the  optimum  crop  selections  and  the  acreages  of  each  tliat 
will  maximize  profits.    These  clioices  depend  directly  on  output,  product 
prices,  total  revenue,  variable  expenses,  and  the  net  excess  of  gross  receipts 
over  the  latter  item.    We  do  consider  fixed  costs,  however,  in  our  total 
farm  summaries  and  profit  and  loss  statements.    The  latter  earnings  measures, 
calcxilated  after  determining  what  are  optimum  acreages  under  the  conditions 
studied,  and  the  associated  net  returns -over- variable  expenses,  are  shown  in 
a  later  section.    It  is  possible  thus  to  defer  considering  fixed  costs  be- 
cause the  over-all  farm  organization  and  the  fixed  costs  Aructure  show  but 
little  variation  within  the  range  of  possible  shifts  in  acreage  allocations 
among  the  several  alternative  crops.    This  fact  enables  us  to  concentrate  on 
the  revenue,  variable  expenses,  and  net  returns  per  acre  from  the  several 
adapted  enterprises,  on  their  relative  profitability,  and  how  their  profit 
levels  and  rankings  shift  under  changing  resource  and  price  conditions. 

Our  analysis  directed  to  comparing  crops  according  to  net  returns  centered 
on  the  individual  acre,  the  technical  unit  in  crop  production.    Gross  receipts 
(total  revenue  )  per  acre  vary  with  output  or  yieM,  and  with  prices .  This 
analysis  considers  such  variations  associated  with  yield  differentials  reflect- 
ing differences  in  soil  quality  and  irrigation  practices;  we  also  midertake  to 
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evaluate  how  changing  prices  for  water  and  cotton  affect  costs,  revenue,  and 
net  retnrnc.    Variable  expenses  include  outlays  for  labor,  fertilizer,  seeds, 
pest  control  and  other  mterials-- fuel,  electricity,  repairs,  custom  services, 
and  otlior  direct  inputs. 

We  used  a  budget  analysis  procedure  to  determine  net  returns -over -variable 
expenses  per  acre.    The  first  step  v/as  to  establish  the  typical  calendar  of 
operations  and  tsblf?  of  physical  inputs  a.nd  costs  for  each  of  nin/-  '-.rops 
selected  as  the  most  likely  alternatives  for  production  on  the  farm  Diodel 
under  the  conditions  in  the  study  area.    Two  sets  of  calculations  were 
necessary^  one  with  and  one  without  the  costs  for  irrif;atlou  water  and  associ- 
ated inputs.     Such  variable  production  cost    tables  were  prepared  for  each 
of  tliree  irrigation  treatments  applied,  for  most  of  the  crops  studied.  Next 
we  subtracted  these  variable  production  cost  data  for  the  several  crops  from 
gross  receipts  for  each  of  t]ie  individual  crops  under  the  yields  associated 
with  each  irrigation  treatment .    This  procedure  yielded  an  array  of  gross 
receipts,  total  variable  expenses,  and  net  returns -over-variable  expenses  for 
the  nine  crops  considered.    Two  of  these  enterprises,  fie3.d  corn  and  alfalfa 
seed,  clearly  did  not  merit  further  consideration,  on  the  basis  of  their  total 
net  retvirns  and  relative  rankings,  and  were  dropped  from  the  analysis.  This 
left  seven  crops,  two  of  which,  barley  and  grain  sorghum,  also  occur  again  in 
a  double-crop  combination.    Cotton  on  Grade  I  soil  is  the  most  profitable 
alternative  for  the  farm  model,  irrigated  under  either  the  60  or  the  80  per- 
cent soil  moisture  depletion  practice  (see  Figure  h) .    Cantaloups,  also  on 
Grade  I  soil  and  irrigated  at  the  80  percent  soil  moisture  depletion  ratio, 
are  more  profitable  than  cotton  irrigated  at  100  percent  soil  moisture  deple- 
tion on  the  Grade  I  soil.    Little  difference  exists  as  between  cotton  and 
cantaloups  on  Grade  II  soil,  regardless  of  the  irrigation  practice,  although 
the  latter  crop  earns  slightly  higher  net  returns -over-variable  expenses 
than  cotton  (see  Appexidix  Table  0-^+).  ' 

It  is  evident  that  both  soil  quality  and  irrigation  practice  affect  net 
returns,  as  well  as,  initially,  both  gross  receipts  and  variable  expenses. 
Further  examples  are  evident  among  the  other  crops,  according  to  soil  qualities 
and  irrigation  practice.    Still  more  would  arise  if  we  included  ad.ditional 
soil  qualities  in  the  analysis. 
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FIGURE  4.  NET  RETURNS  PER  ACRE  FOR  SPECIFIED  CROPS  BY 
SOILS  AND  IRRIGATION  TREATMENTS. 

(percent  depletion  of  available  soil  moisture) 

Irrigation 
Treatment 
(percent) 


Cotton  60 

Cotton  80 

Cantaloups  80 

Cotton  100 

Cantaloups  100 

Sugar  Beets  80 

Sugar  Beets  100 

B.  E.  Beans  80 

B.  E.  Beans  80-100 

Alfalfa  H.  80 

B.  E.  Beans  100 

Alfalfa  H.  100 

Barley-G.S.  80 

Barley-G.S.  100 

Grain  S.  80 

Grain  S.  100 


Variable  Expenses 


CHINO 
SOIL 


Net  Returns  (dollars) 

I 


] 


Cotton 
Cotton 
Alfalfa  H. 
Alfalfa  H. 
Alfalfa  H. 
B.  E.  Beans 
B.  E.  Beans 
Barley-G.  S. 
Grain  Sor. 
Barley 


80 
100 
80 

80-100 
100 
80 
100 
100 
100 


TRAVER 
SOIL 


_L 


_L 


-L 


400     320      240  160 


80 


2/ 


1/ 


80 


160    240  320 


Dollars 


1/  Cantaloups    at  80;  net  returns  $198,  expenses  $478,  receipts  $676:   At  100; 
net  returns  $190,  expenses  $460,  receipts  $650. 

2/  Barley  for  Chino;  net  returns  $19i  expenses  $49,  receipts  $68. 


METHODS  USED  VffiRE  SELECTED  TO  MEASURE  Al©  COORDINATE 
TECHNICAL  AND  ECONOMIC  RELATIONSHIPS 

§gjji.-j[g-:^e^-Flant  Relationships  are  Basic  to  Output 

Physical  relationships  among  the  soil,  water,  and  plants  critically 
affect  plant  growth  and  crop  production.    They  regulate  the  extent  to  which 
water  is  available  to  meet  plant  needs,  and  therefore  provide  the  basis  for 
efficient  irrigation  practices.    Two  definitions  are  important  in  ,-malyzing  ' 
the  more  important  of  these  relationships,  field  capacity  (rc)  and  pemanent 
^^2^ng_percentage  (PWP).    The  first  represents  all  the  water  that  a  parti- 
cular soil  will  hold  following  a  thorough  wetting,  and  after  allovrLng  enough 
time  thereafter  for  free  water  to  drain  out  by  gravity.    PWP  refers  to  the 
soil  moisture  content  below  which  the  plants  cannot  obtain  water  readily. 
PlBjits  will  wilt  at  this  moisture  level,  and  do  not  recover  unless  water  is 
added  to  the  soil.i/    Questions  regarding  profitable  irrigation  practices, 
therefore,  concern  the  amounts  of  wa,ter  to  be  added,  and  their  proper  timing. 
In  order  to  maintain  soil  moisture  within  the  range  between  field  capacity 
and  PWP  that  will  permit  the  level  of  net  dollar  returns  to  the  operator 
that  he  seeks. 

The  analysis  in  this  study  is  based  on  the  concept  that  in  general 
the  relative  rate  of  plant  growth  depends  upon  the  mean  soil  moisture  stress 
in  the  active  root  zone;  that  is,  that  the  tension  with  which  moisture  adheres 
to  the  soil  particles  near  the  active  roots  regulates  the  amount  of  moisture 
available  to  the  plant,  and,  hence,  its  grovrth  rate.^    The  greater  this  tension, 
the  more  closely  the  water  adheres  to  the  soil  particles,  and  the  more  difficult 
it  is  for  the  plant  to  obtain  the  moisture  to  meet  its  needs.    This  stress, 

1/    Viehmeyer,  F.  J.,  and  A.  H.  Hendrickson,  Essentials  of  Irrigation  and 
Cultivation  of  Orchards,  University  of  California,  Agr.  Ext.  I950,  pp.  h-9 
(Circ.  50,  Rev.  195017"  Viehmeyer,  F.  J.,  and  A.  H.  Hendrickson,  The  Effects 
of  Soil  Moisture  on  Deciduous  Fruit  Trees,  Report  of  the  Thirteenth  Inter- — 
national  Horticultural  Congress,  I952,  Vol.  1,  pp.  306-319.     See  also: 
Beringer,  Christoph,  An  Economic  Model  for  Determining  the  Production  Function 
£2Jj:^ater  In  Agriculture,  University  of  California  Agr.  Expt .  St  a.,  Gianninl 
Foundation  Res.  Rept.  Wo.  2h0,  I96I.    This  study  includes  a  review  of  defini- 
tions and  concepts  relating  to  soil-water-plant  relationships  appearing  in 
agronomic  literature. 

2/    Hagan,  Robert  H.,  Pg£tors_A_fj;e£U^g_Soil  Moisture -Plant  Growth- Relat  ions . 
Report  of  the  XIV  International  Horticultural  Congress,  Wetherlandi7~1955,  p.  86. 
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in  turn,  varies  directly  ^^lth  (a)  the  number  of  particles  in  a  given  volume 
of  soil  (e.g.,  one  cubic  foot)  and  the  unifomity  of  their  arrajigement ,  (b) 
the  osmotic  effect  of  salts  present,  and  (c)  the  depletion  level  of  the  avail- 
able soil  moisture.    Clay  (heavy)  soils  hold    more  moisture  at  field  capacity 
than  sandy  (light)  soils,  but  water  adheres  more  tightly  to  the  fine  particles 
in  the  clays  than  to  the  coarser  ones  in  sandy  soils .    As  salt  content  in- 
creases, soil  moisture  tension  tends  to  increase;  it  also  rises  as  the  amount 
reduces  from  field  capacity  in  the  direction  of  WP.-f 

Not  all  scientists  fully  accept  the  view  of  soil-water-plant  relation- 
ships that  we  use  in  this  analysis.    Some  researchers  of  long  stajiding  in 
the  field  hold  that  variations  in  soil  moisture  content  between  fieM  capac- 
ity and  PWP  have  little  bearing  on  plant  development  and  yield.  Some 
among  those  who  support  the  mean  moisture  stress  concept,  moreover,  concede 
that  brief  periods  of  high  stress  can  have  an  exaggerated  impact  upon  plant 
growth.    They  hoM,  nonetheless,  that  the  moisture -stress  theory  represents 
the  best  approximation  for  a  wide  range  of  crop  under  varying  soil  and 
climatic  conditions. 

YieM  Estimates  Reflect  Mean  Soil  Moisture  Availability  Ratios 
The  mean  soil  moisture  availability-stress  theory  is  the  basis  for  our 
analysis  of  how  irrigation  affeclB  growth  and  yieMs  and,  ultimately,  becomes 
one  of  the  important  variables  regulating  profits  on  the  individual  farm.-^ 
We  assumed,  furtheniiore,  that  growth  is  a  completely  reliable  indicator  of 
yield;  that  any  given  departure  of  growth  rate  from  the  maximum  potential 
is  accompanied  by  a  yield  reduction  in  the  same  proportion.    The  starting 
point  for  estimating  yieMs  associated  with  each  irrigation  practice  was  to 
obtain  estimates  for  potential  yields  under  optimum  soil  moisture  conditions 
from  researchers  and  specialists  working  on  irrigation  technology.  The 
subsequent  procedure  involved  six  steps  for  the  crops  studied  on  each  soil 
series-type,  according  to  a  given  set  of  climatic  conditions: 


USDA 


1/  Wadleigh,  Cecil. H.,  "Soil  Moisture  in  Relation  to  Plant  Growth," 
lA  Yearbook  of  Agriculture,  1955,  Washington  25,  D.  C,  pp.  350-361. 


2/    Moore,  Charles  V.,  "A  General  Analytical  Framework  for  Estimating 
the  Production  Function  for  Crops  Using  Irrigation  Water/'  Journal  of 
Farm  Economics,  Vol.  XIIII,  Part  1,  No.  k,  Nov.  19d1,  pp.  876-dbb. 


1.  Detemilning  omounts  of  water,  days  between  each  successive 

,    pair  of  irrigations  (len^rth  of  cycle),  and  timing  for  appli- 
cations, under  each  of  tliree  specified  irrigation  treatments -- 
percentage  depletion  of  available  soil  moisture  (lOO,  80,  and 
60  percents,  respectively)  permitted  before  applying  water 
(a  combined  8O-IOO  percentage  also  was  used  for  certain  crops). 

2.  Measuring  changes  in  soil  moisture  depletion  levels  throughout 
each  Irrigation  cycle  during  the  season.    We  constructed  soil 
moisture  release  curves  ehowing  progressively  lowering  soil 
moisture  availability  levels  during  each  cycle.    These  curves. 
Inverted,  became  soil  moisture  depletion  curves,  measuring  the 
progressive  reductions  in  soil  moisture  availability. 

3.  Estimating  the  relationships  between  depletion  levels  for 
available  soil  moisture  and  plant  growth  (hence  yield)  rates 
for  each  irrigation  cycle. 

h.    Establishing  the  mean  growth  rates  (and  yield)  for  each  crop 
during  each  cycle  according  to  soils  and  irrigation  treatments, 
and  expressing  each  as  an  index  representing  its  percentage  of 
the  potential  yield  possible  under  physically  optimum  moisture 
conditions . 

5.  Cumulating  the  growth  rates  (and  yields)  for  the  several  cycles 
into  a  seasonal  yield  index  for  each  crop,  according  to  soils 
and  irrigation  treatments,  assuming  a  linear  relationship  for 
mean  cycle  growth  rates  (and  yields). 

6.  Applying  the  seasonal  yield  indices  from  (5)  the  potential 
yields  estimated  to  obtain  yields  associated  with  each  of  the 
various  irrigation  treatments  for  crops  involved  on  each  soil 
series -type. 

Researchers  and  Agricultural  Extension  Service  workers  provided  necessary 
agronomic  data  that  we  used  in  developing  a  simple  bookkeeping  table  to  eval- 
uate soil  moisture  requirements  for  various  crops  on  specific  soil  series -types, 
and  under  particular  climatic  conditions,  using  these  concepts  (see  Table  3). 
This  technique  rests  on  the  concept  that  the  soil  in  the  plant's  root  zone 
Is  a  storage  reservoir  for  moisture.    The  amovmt  of  moisture  contained  in  a 
foot  of  soil  depth  varies  among  soil  types.    As  evaporation  occurs  and  the 
plant  transpires,  the  amount  of  moisture  in  the  root  zone  diminishes.  Gains 
in  this  reservoir  come  from  additions  in  the  form  of  rainfall  or  irrigation 
water.    The  increases  shown  in  Table  1  are  adequate  in  each  irrigation  cycle 
to  bring  the  root  zone  back  to  field  capacity.    A  water  budget,  such  as  that 
shown,  serves  two  purposes:     (a)  determines  the  dates  and  number  of  irrigations 


-27- 


TABLE  3 


Irrigation  Water  Budget;  Cotton  on  Hesperia  Fine  Sandy  Loam  at 
100  Percent  Available  Soil  Moisture 
(All  quantities  in  acre-inches) 


Root 
zone 

Inches  available 
water 

New 

root 

zone 

Evapo- 
trans- 
piration 

Carry- 

From 

new 

root 

at  start 
of 

Addi- 

tJ 

Total 
avail- 
able 

With- 

drawsl 

1/ 

Mois- 
ture at 
end  of 
period 

Irr  igat  ion 
dates 

Month 

depth 
in  ft. 

per  ft. 

of  soil 

root^ 
zone—' 

in.ft , 

V 

rate 
per  day 

over 
c/ 

Z0116 

1 

2 

3 

k 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

April* 
16-30 

.75 

1.25 

0 

.020 

0 

.94 

0 

.9^ 

.3 

.64 

1-15 
16-31 

1.00 
1.50 

1.25 
1.25 

1.25 
1.87 

.25 

.25 

.060 
.080 

.64 
.05 

.62 

.67 

0 

1.87 

•  y  J 
2.54 

.Q 

1.2 

.05 
1.3^ 

May  25 

June 

1-15 

16-30 

2.00 
2.50 

1.25 
1.25 

2.50 
3.12 

.50 
.50 

.167 
.213 

1.3^ 
1.97 

.63 
.62 

1.97 
2.59 

2.50 
3.12 

4.47 
5.7L 

2.5 
3.2 

1.97 
2.51 

Jme  12 
Jiine  28 

July 

1-15 
16-31 

3.00 
3.33 

1.25 
1.25 

3.75 
4.16 

.50 
.33 

.307 
.313 

2.51 
2.29 

.63 

.41 

3.14 
2.70 

3.75 
4.16 

6.89 
6.86 

4.6 
4.7 

2.29 
2.16 

JiOy  10 
July  23 

Aug. 

1-15 
16-31 

3.67 
4.00 

1.25 
1.25 

4.59 
5.00 

.33 
.33 

.267 
.253 

2.16 
3.16 

.41 
.41 

2.57 
3.57 

4.59 
5.00 

7.16 
8.57 

4.0 
3.8 

3.16 
4.77 

Aug.  10 
Aug.  30 

Sept. 
1-15 

4.00 

1.25 

5.00 

0 

.147 

4.77 

4.77 

4.77 

2.2 

2.57 

5.00 

24.99 

27.4 

3). 


*  Assumes  preplanting  irrigation  to  bring  soil  to  field  capacity, 

a/  Moisture  available  in  root  zone  vhen  soil  is  at  field  capacity  (col.  2  x  col. 

b/  Addition  to  root  zone  due  to  expansion  of  roots  into  new  soil. 

y  Moisture  left  in  root  zone  at  end  of  time  period  (amo\int  in  col.  13  for  last  time  period;, 

d/  Moist\ire  nov  available  to  plant  (col.  5  x  col.  3)' 

e/  (Col.  7  +  col.  8).  /    n     o  ^      n  in's 

ij  Moisture  added  to  soil  by  irrigations  to  bring  soil  back  to  field  capacity  (col.  9  +  col.  lo; . 

Evapo-transpiration  rate  per  day  times  number  of  days  in  time  period. 
Data  in  columns  2,  3,  6,  and  12  must  be  obtained  from  outside  sources  such  as  agronomists  and  irrigation  personnel. 


necessary  for  a,  particular  crop  on  a  specified  soil  within  the  constraint 
of  a  predetermined  terminal  moisture  depletion  percentage,  and  (b)  indi- 
cates the  quantity  of  water  needed  to  refill  the  soil  reservoir  at  each  ir- 
rigation.   Thus  it  provides  the  mechanism  to  accomplish  Step  1,  above. 

It  was  necessary  in  this  study  to  prepare  a  separate  bookkeeping  table 
and  water  budget  for  each  of  the  seven  field  crops  studied  under  each  relevant 
set  of  soil-climate  conditions  for  each  of  the  depletion  ratios.    These  calcu- 
lations recogniz.e  changes  in  root  zone  depth,  ojid  in  residual  soil  moisture  in 
the  original  and  in  the  newly  added  root  zone  for  each  irrigation  cycle  (see 
Table  3).    Our  example  cited  here  indicates  the  seasonal  growth  and  ultimate 
depth  characteristics  for  cotton  (Column  2),  and  how  they  affect  irrigation 
practices  under  a  100  percent  depletion  treatment.    It  is  necessary  only  to 
adjust  the  procedure  in  accordance  with  soil,  climate,  and  crop  characteristics 
to  apply  this  bookkeeping  water  budget  approach  to  other  crops.    Evapo -trans- 
piration rates,  appear  in  columns  6  and  12.     "Addition"  (Column  10),  is  a  net 
figure  representing  the  amoiint  of  water  needed  to  bring  the  soil  in  the  root 
zone  back  to  field  capacity  each  irrigation.    We  obtain  the  amount  of  water 
to  be  applied  by  dividing  this  net  figure  by  the  expected  irrigation  efficiency 
for  water  at  each  application  (see  Table  3). 

Inverted  Soil  Moisture  Release  or  Depletion  Curves  Represent  Soil 
Moisture -Availability:    They  Will"  Serve  as  Grovfth  Curves 

The  water  budget  data  in  Table  3  illustrate  how  available  soil  moisture 
decreases  from  100  percent  of  field  capacity  at  the  beginning  of  an  irrigation 
cycle  to  some  minimum  level  at  the  end.    This  minimum  will  be  at  the  permanent 
wilting  point  unless  the  operator  elects  to  apply  water  before  depletion  is 
100  percent  complete .    In  the  Table  3  example  cotton  roots  occupied  1. 5  feet  of 
soil,  with  a  field  capacity  of  I.87  inches  of  water  when  the  operator  added 
this  latter  quantity  on  May  25  (see  Columns  2,  h,  and  10,  Table  l) .  This 
application  filled  the  I.5  foot  root  zone  soil  reservoir  to  its  full  field 
capacity.    The  cotton  crop,  at  the  indicated  daily  evapo -transpiration  rates 
of  .080  for  May  I6-31,  and  .I67  for  June  1-15,  used  2.k  inches  of  water  between 
May  25  and  June  12.    Of  this  moisture,  I.87  inches  represented  the  May  25  irri- 
gation, and  .53  inches  moisture  already  in  the  added  .5  foot  of  soil  (approx- 
imately) penetrated  by  plant  roots  during  the  first  part  of  June.    These  data 
indicate  that  100  percent  of  all  available  soil  molstvire  had  been  released,  for 
all  practical  purposes,  on  June  12.    Soil  moisture  depletion  had  progressed, 
therefore,  vintil  zero  amount  was  available  to  the  plants,  and  the  PWP  had  been 
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reached.    TMs  100  percent  depletion  level  is  the  one  used  in  the  illustration 
to  signal  that  irrigation  is  necessary.    Step  2  was  to  estimate  rates  of  deple- 
tion and  prepare  moisture  release  curves  according  to  soil  types.    Our  approach 
uses  the  100  percent  level,  plus  the  80  and  60  percent  levels,  respectively, 
to  define  the  tlaree  major  irrigation  practices  for  analysis .    A  fourth  practice, 
used  for  some  crops,  is  the  80-100  percent  level,  in  which  the  80  percent 
level  applies  to  the  early  portion,  and  the  100  percent  level  to  the  latter 
portion  of  the  season. 

The  fundamental  physical  problem  in  this  study  was  to  establish  and 
measure  as  accurately  as  possible  the  precise  relationship  between  amounts  of 
soil  moisture  available  and  plant  growth  rates  during  each  cycle  according  to 
the  variations  in  soil  characteristics  and  irrigation  practices;  the  growth 
rates,  in  t\xm,  determine  yields.    Under  our  assumptions,  clianges  in  depletion 
levels  for  available  soil  moisture,  as  illustrated  in  Table  3,  provide  the 
basis  for  resolving  this  problem  and  thus  accomplishing  Step  3- 

A  major  relationsliip  is  involved  here.    0\xc  assumption,  based  on  the 
empirical  findings  of  plant  physiologists,  is  that  plant  growth  rates  are 
detei-mlned  by  the  tenacity  with  which  moisture  hoUs  to  soil  particles.  Thus 
the  moisture  release  curve  for  a  specific  soil,  showing  the  relationsMp  be- 
tween tension  (measured  in  atmospheres)  and  the  leve3.  of  moisture  depletion, 
can  be  used  to  estimate  the  relative  grovrtli  i-ate  of  a  plant  during  an  irriga- 
tion cycle.    We  show  a  hypothetical  moisture  release  curve  as  an  extunple  in 
the  lower  half  of  Figure  5.    Tension  (in  atmospheres)  increases  as  available 
soil  moisture  is  depleted.    By  inverting  the  lower  curve,  we  obtain  the  one 
appearing  in  the  upper  half  of  Figxire  5.    This  inverted  curve  reflects  chuuiges 
in  plant  growth  accompanying  the  increases  in  tension  as  soil  moisture  depletion 
reaches  successively  liigher  levels.    It  shows  that  plant  growth  declines  pro- 
gressively from  100  percent  of  its  maxim-um  potential  when  soil  moisture  is  at 
field  capacity  for  a  particular  soil  to  a  zero  rate  when  moisture  tension 
reaches  the  level  associated  with  the  PW  depletion  level.    The  shape  of 
this  curve  varies  with  soil  type.    Soil  moisture  tension  is  lower,  and  growth 
rates  Mgher,  for  sandy  than  for  clays  at  the  higher  depletion  levels  (see 
Figure  6) 


1/    Hagivn,  op.  cit . 
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FIGURE  5. 

SOIL  MOISTURE  TENSION,  RELATIVE  GROWTH  RATE 
100%,.  SOIL  MOISTURE  DEPLETION  LEVELS 


Part  II    Relative  Growth  Rate 
^  (inverted  depletion  curve) 


0 

15 


10 

Part  I      Available  Soil  Moisture  Depletion 


J. 


25  50 

F .C.         Available  Soil  Moisture  Depletion,  Percent 

Over  Time 


Plant  Grovrfch  and  Yields  Reflect  Mean  Soil  Moisture  Availability 
Levels  During  the  Growing  Season 

Plant  growth  rate  curves,  once  estimated,  provide  the  basis  for  accomplish- 
ing the  three  steps  remaining  in  the  procedure  outlined  above  for  relating  ir- 
rigation practices  to  yields.    Step  k  was  to  determine  the  mean  growth  rate 
for  individual  irrigation  cycles.    This  rate  is  at  100  percent  of  the  ma^ximum 
potential  with  soil  moisture  at  field  capacity  following  irrigation-  It 
declines,  as  already  shown,  from  then  until  another  irrigation  restores  the 
soil  to  field  capacity.    The  mean  growth  rate  during  an  irrigation  cycle  rep- 
resents,   therefore,  the  aggregate  growth  during  the  time  period  involved 
expressed  as  a  percentage  of  the  maximiun  potential.    This  is  evident  graphi- 
cally if  we  represent  maximum  potential  growth  as  a  rectangle  with  the  100 
percent  growth  rate  on  its  Y-axis,  and  the  range  from  zero  to  the  depletion 
level  marking  the  end  of  the  cycle  on  the  X-axis  (see  Figure  7)-    The  area 
of  this  over-a3_L  rectangle  that  lies  below  the  growth  curve  always  will  be 
less  than  its  total  area,  due  to  the  fact  that  the  growth  curve  does  decline. 
This  lesser  area  (ABRD)  when  expressed  as  a  percentage  of  the  total  for  the 
rectangle  bounded  on  the  right  by  the  depletion  level  at  the  end  of  the 
irrigation  cycle  (ABCD),  represents  the  mean  growth  rate  for  that  cycle  as 
a  percentage  of  its  100  percent  potential.    (See  Figure  70    Our  approach 
in  determining  seasonal  growth  rate  and  yield  indices  was  based  on  the 
further  assumptions  that  (a)  each  Irrigation  cycle  is  Independent  of  all 
others,  (b)  a  linear  relation  holds  between  mean  growth  rates  in  the  indivi- 
dual irrigation  periods  (see  Figure  8).    These  assumptions  enable  us  to 
construct  a  total  season  growth  and  yield  curve  and,  hence,  the  yield  index 
for  a  particular  crop  imder  specified  soil  and  climatic  conditions,  and  ac- 
cording to  a  predetermined  Irrigation  treatment.    Step  5>  therefore,  was  to 
combine  the  growth  (yield)  indices  for  the  individual  cycles  into  seasonal 
totals.    The  same  method,  applied  to  the  various  crops  under  specified  condi- 
tions, provided  a  complete  set  of    yield  indices  for  the  alternative  crops 
in  our  study  area.  I 

Finally,  Step  6  in  relating  soil  moisture  availability  conditions  to  crop 
yields  was  to  estimate  physical  outputs  for  the  various  crops  according  to 
seasonal  yield  indices.    We  arrived  at  these  estimates  by  applying  the  indices 
to  estimated  maximum  potential  yields  for  each  crop  \inder  the  specified  production 
conditioniS,  as  prepared  by  researchers  and  other  specialists.    Thus,  if  the 
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FIGURE  6. 

VARIATIONS  IN  RELATIVE  GROWTH  AND  AVAILABLE  MOISTURE 
DEPLETION  LEVELS  FOR  SANDY,  LOAM,  AND  CLAY  SOILS 
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FIGURE  7. 

PLANT  GROWTH  RATES  AS  PERCENTAGES  OF  THE  POTENTIAL 
(100  percent)  AT  INCREASING  LEVELS  OF  DEPLETION  FOR 
AVAILABLE  SOIL  MOISTURE  (Hypothetical  Data). 
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FIGURE  8. 

ACTUAL  AND  POTENTIAL  GROWTH  BY  IRRIGATION  CYCLES 
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normal  maximum  yield  for  cotton  under  given  soil,  climate,  and  cultural 
conditions  is  three  500-poimd  bales  of  lint  per  acre,  the  yieM  under  a  total 
season's  yield  index  of  80  percent  would  be  2.k  bales   |3-0  (x)  80  =  2.iiJ.i/ 

Met  Returns  per  Acre  Determine  Profit 
Rankings  for  Individual  Crops 

Most  farmers  on  the  San  Joaquin  Valley  Eastside  have  two  or  more  alter- 
native choices  in  deciding  what  crop  to  produce  on  a  particular  piece  of  laxid. 
This  choice  situation  presents  them  with  decision  problejis,  particularly  v;hen 
these  operators  consider  variations  in  physical,  economic,  and  institutional 
conditions  affecting  such  choices  and  their  financial  outcomes.    Cotton  and 
sugar  beets  are  the  major  industrial  raw  material  crops;  specialty  crops  in- 
clude dry  edible  beans,  cantaloups,  potatoes,  and  alfalfa  seed;  alfalfa  hay, 
barley,  grain  sorghm,  and  com  are  the  principal  feeds.    It  was  necessary 
in  this  analysis  to  prepare  detailed  siaramarles  of  production  requirements 
and  costs,  outputs  and  revenue,  and  net  returns -over -variable  expenses  for 
each  of  these  crops,  usually  under  two  or  more  sets  of  conditions .    Data  for 
these  summaries  were  obtained  by  interviews  from  farmers,  commercial  agencies 
serving  farmers,  and  public  officials,  as  well  as  In  published  form  from  a- 
vailable  secondary  sources.    Procedures  in  preparing  summaries  involved  five 
steps  for  each  crop  under  each  unique  set  of  conditions: 

1.  Determining  the  cultural  and  harvest  operations  involved,  the 
timing  for  each  one  according  to  calendar  dates,  and  the  equip- 
ment, power,  labor,  and  materials  involved. 

2.  Calculating  physical  quantities  for  all  inputs,  including  senrLces 
such  as  labor,  power  and  machinery  hoiirs,  plus  seed,  fertilizer, 
irrigation  water,  and  other  materials . 

3.  Estimating  yields  according  to  the  relevant  determinants.  Thus 
for  each  irrigation  treatment  considered  (100,  8O-IOO,  BO,  and  60 
percent  available  soil  moisture  depletion,  respectively,  between 
irrigations)  it  was  necessary  to  estimate  the  appropriate  yield, 
as  well  as  all  associated  inputs  that  vary  with  irrigation 
practice  or  yield. 


1/  See  Appendix  A  Procedure  for  more  complete  information  regarding  this 
estimating  procedure. 
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h.    Applying  relevant  cost  rates  and  prices  to  express  all  inputs  ' 
and  yields  in  dollar  values .    These  calculations  included  only 
variable  expense  items;  depreciation,  taxes  on  equipment,  a.nd 
other  fixed  costs  were  omitted  in  this  accoianting. 

5.    Summing  total  variable  costs  and  revenues,  according  to  appro- 
priate classifications,  in  order  to  obtain  gross  receipts, 
total  Ara-riable  expenses,  and  net  returns -above -variable 
expenses  for  each  crop. 

We  excluded  fixed  costs  for  this  portion  of  the  procedure  bec-iuse  its 
specific  purpose  is  to  afford  a  basis  to  compare  crops  and  use  the  resulting 
data  in  developing  criteria  to  choose  crops  and  allocate  resources.  Compari- 
sons within  a  constant  fixed  cost  structure  for  the  entire  farm  are  entirely- 
feasible  for  many  crucial  decisions,  and  require  only  minor  modifications 
for  others.    Thus  it  simplifies  calculations  and  saves  time  to  omit  the 
fixed  costs  and  concentrate  on  variable  inputs  and  costs  for  this  analysis.'^ 

Linear  Programming  Analyzes  Alternative  Resource  Use  Opportimities  and 
Identlfres~ Optimum  Choices  Under  Specified  Assmaptions  and  Constraints 

Restricted  quantities  and  price  variations  extending  into  relatively  high 
levels  generate  irrigation  water  use  problems  on  California    farms.    They  re- 
quire farm  operators  to  choose  among  several  competing  uses  for  available  water. 
These  operators  must  make  decisions  involving  complicated  interrelationships 
among  these  several  enterprises,  as  well  as  with  other  necessary  resources, 
within  a  framework  of  shifting  and  uncertain  prices.    Linear  programming  offers 
important  advantages  as  a  technique  for  analyzing  such  problems.    In  the  words 
of  Heady  and  Candler,  "A  linear  programming  problem  has  three  quantitative 

components:    an  objective,  alternative  methods  or  processes  for  attaining  the 

2/ 

objective,  and  resource  or  other  restrictions."-^    A  more  technical  definition 
states  that,  "...  linear  programming  deals  with  the  minimization  of  a  linear 
function,  subject  to  the  subsidiary  conditions  that  the  variables  are  nonnegatlve 
and  must  satisfy  a  set  of  linear  equations."^ 


1/  See  Appendix  A,  Procedure,  for  more  detailed  explanations  of  the  method, 
including  samples  of  the  forms  used.  I 

2/    Heady,  Earl  0.,  and  Wilfred  Candler,  Linear  Programming  Methods,  Iowa 
State  College  Press,  Ames,  Iowa,  19^Q,  p.  2. 

3/  Garvin,  Walter  W.,  Introduction  to  Linear  Prograimning,  McGraw-Hill  Book 
Company,  New  York,  I96O,  p.  3- 
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We  use  linear  programming  technique  in  this  analysis  to  obtain  answers 
under  specified  sets  of  conditions  to  three  types  of  questions:    (a)  what 
enterprises  to  include  in  the  total  farm  business  (what  to  produce);  (b) 
how  to  allocate  among  enterprises  available  watejr  and  other  resources  (how 
much  to  produce);  and  (c)  in  what  proportion  to  combine  irrigation  water 
with  other  materials  and  services  used  in  producing  each  product  or  enter- 
prise (what  irrigation  practices  to  use)? 

A  simple  problem  including  two  alternative  crops,  corn  and  grain  sorghum, 
and  two  resource  restrictions  (constraints),  50  acres  of  land  and  200  acre- 
feet  of  irrigation  water  will  illustrate  the  linear  programming  method  (see 
Figure  9). 

The  50  acres  of  land,  at  alternative  yields  of  20  hundredweights  of 
grain  sorghum  or  25  hundredweights  of  corn  per  acre,  can  produce  1,000  hundred- 
weights of  grain  sorghum  or  1,250  hundredweights  of  com.    Available  irrigation 
water  will  irrigate    67  acres  of  grain  sorghum  producing  1,3^0  hundredweights, 
or  ho  acres  of  com  producing  1,000  hundredweights.    The  farmer  is  limited, 
therefore,  to  producing  1,000  hmdredweights  of  grain  sorghum  (point  A)  due 
to  the  land  limitation,  or  1,000  hundredweights  of  com  (point  C)  due  to  the 
water  limitation,  or  to  some  combination  of  the  two  crops  that  is  consistent 
with  both  constraints,  as  defined  by  the  line  ABC  (see  Figure  9).    His  problem 
is  to  decide  which  crop  or  crops,  and  how  many  acres  of  each,  he  should,  produce 
to  maximize  income. 

Sales  prices  are  $2.25  per  hundredweight  for  grain  sorghum  and  $2.50  per 

hundredweight  for  corn.    If  we  draw  a  constant  revenue  (isorevenue)  line  that 

just  touches  (is  tangent  to)  the  heavy  crooked  line  ABC  and  has  a  slope  equal 

')2  50  com 

to  the  ratio  of  the  two  product  prices  (Xo'oq  „  o    "  ^^^^  ^^^^ 

combination  of  production  that  maximizes  income.    This  combination,  for  our 
example,  includes  525  hundredweights  of  grain  sorghum  and  625  hundredweights 
of  corn  (point  B)  with  total  revenue  of  $2, 7^4-3.75 

This  problem  is  q\iite  simple  with  two  enterprises  (crops)  and  two  restric- 
tions.   Thus  our  problem  with  seven  more  enterprises  under  three  (or  four) 

1/    Corn  produced  to  the  limit  of  water  available  would  return  $2, 50O;  grain 
sorghuia  expended  to  the  limit  of  land  resources  wouM  produce  $2,000  in  revenue. 
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FIGURE  9. 
PRODUCTION  POSSIBILITY  CHART 
GRAIN  SORGHUM  AND  CORN 
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differing  irrigation  practices,  and  l8  more  restrictions,  does  not  lend  itself 
to  solution  by  this  method  of  simple  charts  and  budget  calculations.  Restric- 
tions include  formal  or  informal  acreage  allotments  {h),  fixed  acreages  of 
soils  by  types  (2),  and  limits  on  water  quantities  available  in  different  time 
periods  {ih) .    These,  plus  the  eight  enterprises  and  four  irrigation  practices, 
present  a  problem  that  is  too  imwieldy  for  the  graphic  method    in  Figure  9* 
Linear  programming  allows  simultaneous  consideration  of  all  these  factors, 
however,  and  yields  optimum  solutions  that  maximize  net  farm  income  vinder  a 
varying  range  of  conditions  *    Machine  computation  made  it  more  manageable, 
and  speeded  the  analysis.^ 

Growers  seeking  to  obtain  maximum  profits  from  their  operations  usually 
try  to  put  as  many  acres  as  possible  into  the  crop  offering  the  highest  net 
returns -over-variable  expenses.    If  no  constraints  exist  to  interfere,  there- 
fore, we  would  expect  an  operator  on  our  640-acre  farm  model  to  plant  all 
his  irrigable  acres  in  cotton;  he  would  divide  these  acres  between  cotton  and 
cantaloups  if,  for  some  reason,  it  is  not  possible  to  plant  all  land  to  cotton. 
But  constraints  do  exist;  they  include  physical  resource  limitations,  economic 
conditions,  and  institutional  forces.    We  have  attempted  to  recognize  such 
limitations  on  freedom  of  management  decision  throiagh  defining  a  set  of  20 
constraints  that  reflect  conditions  on  the  farm  and  in  the  study  area: 

Resource  Constraints  (l6) 

1.  Irrigable  land  Includes  k21  acres  of  Grade  I  soil  and  l8l  acres  of  Gr?ade  11.(2) 

2.  Irrigation  water  Is  limited  to  a  total  of  h,936  acre- feet,  and  the  quantities 
available  during  13  individual  irrigation  periods  vary  from  about  19  acre- 
feet  per  day  in  the  summer  months  to  27  during  May.(lU) 

Economic  and  Insitutional  Constraints  (k) 

1.  Federal  acreage  allotments  limit  cotton  acres  to  not  more  than  33  percent  of 
irrigable  land. 

2.  Proportionate  shares  for  sugar  beets  represent  a  maximum  of  12  percent  of 
irrigable  land. 

3.  Necessity  for  marketing  contracts  limits  cantaloup  acreis  to  15  percent  of 
irrigable  land. 


1/  See  Appendix  A  Procedure  for  more  detailed  explanations  of  how  linear 
programming  is  used  in  this  study,  Including  an  example  of  a  form. 
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k.    Farmers  voluntarily  limit  blackeyed  bean  acres  to  not  more  than  26  percent 
of  irrigable  land,  due  to  market  and  price  uncertainties. 

Our  analysis  includes  seven  crops;  cotton,  cantaloups,  sugar  beets,  black- 
eyed  beans,  alfalfa  hay,  grain  sorghum  (mllo),  a.nd  barley,  plus  a  barley  and 
grain  sorghum  doublecrop  combination.    These  crops  increase  to  32  income  activ- 
ities, or  processes,  in  linear  programming  terminology,  since  a  single  crop 
is  listed  once  for  each  irrige-tion  treatment,  or  other  input  combination  and 
each  soil  grade.    These  20  constraints  and  32  income  activities  establish  the 
framework  for  the  analysis  in  the  following  sections .    They  define  the  range 
within  wlilch  the  forces  regulating  optimum  crop  choices  and  resource  allocations 
for  maximizin^5  profits  under  specified  conditions  must  operate.  ' 

Important  variations  exist  among  farms  in  the  study  area,  according  to 
whether  the  opera.tors  limit  production  to  a  few  staple  crops,  such  as  cotton, 
alfalfa  hay,  ond  barley,  or  instead,  elect  to  produce  specialty  crops  in 
addition.    Our  analysis  recognizes  these  variations.    Thus  we  examine  three 
different  cropping  patterns  \mder  each  set  of  resoiirce  or  price  conditions 
(see  Figure  10).    We  identify  these  alternative  cropping  patterns  by  capital 
letters  in  the  tables  and  figures  accompanying  the  main  body  of  this  report. 

A.  The  analysis  includes  all  alternative  field  crops  listed  above. 

B.  Cejataloups  are  excluded  from  the  list  of  alternative  crops. 

C.  The  8.nalysis  excludes  both  cantaloups  and  sugar  beets. 

Cropping  System  A  represents  those  farmers  in  the  study  area  who  produce 
a  relatively  high  percentage  of  specialty  crops;  System  B  reflects  the  situa- 
tion on  farms  where  operators  allocate  only  a  limited  proportion  of  their 
total  irrigable  acres  to  specialty  crops;  System  C,  finally,  represents  the 
large  percentage  of  operators  who  concentrate  on  staple  crops,  and  exclude 
specialty  crops  from  their  farming  plans . 

Budgeted  Total  Farm  Earnings  Statements  Determine  Profits  and 
^-{.^-pj^g  -(-Q  Various  Resource  Categories 

Linear  programming  analysis  in  this  study  identified  the  optimum  resource 
pattern  and  indicated  total  farm  net  returns -over-variable  expenses  under  each 
set  of  assumptions  ajid  conditions  examined.    This  approach,  however,  did  not 
determine  total  farm  net  income,  nor  measure  net  profit  and    the  respective 
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FIGURE  10.    FARM  NET  RETURNS  AND  IRRIGATION  WATER  VARIABLE  COSTS;  THREE 
CROPPING  SYSTEMS. 
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earnings  sJiares  to  capital,  management,  or  operator  labor.    Further  analysis 
is  necessary  in  order  to  calculate  these  measures  of  farm  business  success 
under  varying  water  quantity  and  cost  conditions.    We  used  budget  analysis 
for  this  piirpose;  this  method  combines  the  gross  receipts,  variable  expenses, 
and  net  returns  yielded  by  the  linear  programming  with  data  reflecting  capi- 
tal investments  and  related  fixed  costs.    It  is  possible  through  this  com- 
bination, therefore,  to  calculate  the  necessary  earnings  measures  and  (a) 
evaluate  the  effect  of  a  given  set  of  conditions  on  farm  resource  use,  total 
farm  net  profits,  and  the  returns  to  various  farm  resources,  and/or  (b) 
how  various  pleins  associated  with  the  respective  sets  of  conditions  compare 
in  financial  returns  and  resource  earnings . 


VAiOATIONS  IN  IRRIGATION  WATER  COSTS  AND  IN  QUALITIES  AVAILABLE 
BRING  CHANGES  IN  CROP  ORGANIZATION  AND  NET  RETURNS 

Sharply  Reduced  Net  Revenues  Accompany  Increasing  Water  Costs 

The  primary  objectives  in  this  study  are    (a)  to  Identify  economic  choice 
criteria  and,  (b)  to  develop  effective  measurement  techniques  for  selecting 
crops  and  allocating  resources,  in  order  to  maximize  profits.    Our  first  step 
in  analysis  was  to  determine  how  increasing  water  costs  affect  total  farm  net 
returns -over-variable  expenses.    To  accomplish  this  goal,  we  made  a  separate 
linear  programming  analysis  to  determine  changes  in  total  farm  net  returns - 
over-variable  expenses  for  each  of  the  three  cropping  systems  (A,B,  and  C), 
as  we  varied  irrigation  water  variable  costs  from  zero  to  approximately 
$30.00  per  acre -foot .i/    Net  returns  drop  sharply  on  the  640-acre  general 
crop  farm  as  irrigation  water  expenses  increase  (see  Figure  10).    These  total 
farm  net  returns -over-variable  expenses  acquire  added  meaning  when  we  com- 
pare them  with  total  farm  fixed  costs  ($64,000),  as  shown  in  Table  2,  and  as 
represented  on  Figure  10  as  a  horizontal  line;  where  this  line  intersects 
the  net  returns  curves  defines  the  "breakeven"  point  for  each  of  the  three 
cropping  systems . 

Total  farm  fixed  costs,  as  calculated  in  this  study,  include  a  return 
on  the  operator's  actual  labor  time  at  hired  worker  wa^e  rates,  but  no  pay 
for  management  as  such;  earnings  on  invested  capital  reflect  the  estimated 
values  for  land  and  other  farm  property  already  indicated  above.  These 
breakeven  points,  may  occvir,  therefore,  at  net  return  levels  somewhat  below 
what  farm  operators  would  find  realistic  in  actual  operations.    They  repre- 
sent approximations  of  the  points  at  which  managers  would,  obtain  sufficient 

total  farm  net  returns  to  cover  all  fixed  costs  (with  no  rewards  for  manage- 

2/ 

ment  services),  rather  than  precise  measures.-' 


1/    Irrigation  water  variable  expenses  (costs)  include  only  direct  cash 
operating  costs  for  pumped  water  and  tolls  paid  for  surface  water.    Fixed  costs 
(overhead)  such  as  depreciation,  taxes,  demand  charges,  and  other  items  for 
pumped  water,  and  district  assessments  for  surface  water  are  a  part  of  the  total 
farm  fixed  costs  total,  $64,000  in  this  study. 

2/    Procedures  used  in  this  study  also  assume  that  the  farm  operator  respon- 
sible for  enterprise  choice  and  resource  allocation  decisions  has  eliminated  all 
technical,  price,  and  other  uncertainties,  and,  therefore,  has  available  all 
knowledge  necessary  to  make  pro fit -maximizing  decisions. 
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ReRults  from  our  analyses  for  these  three  cropping  systems  Indicate  that 
even  farmers  who  are  willing  to  operate  with  no  return  for  their  own  manage- 
ment must  expect  lower-than-raarket  rates  for  their  capital,  and  will  risk 
actual  capital  losses  at  water  variable  costs  higher  than  $l6.00,  $11.00,  and 
$10.00  per  acre- foot,  respectively  under  cropping  systems  (A,  B,  and  C)  ac- 
cording to  the  conditions  in  this  study  (see  Figure  lO).    These  are  the  water 
expenses  at  which  the  total  farm  horizontal  fixed  cost  line  intersects  the 
net  returns -over-varisjible  expenses  lines  for  the  three  cropping  systems. 
Losses,  as  defined  above,  will  occiir  at  all  water  variable  expense  levels 
above  the  three  specified;  management  returns  and  profits  will  accrue  at 
lower  Jirices.^ 

farmers  whose  production  and  marketing  situations  permit  them  to  grow 
specialty  crops,  represented  by  cantaloups  and  sugar  beets  in  Cropping  Systems 
A  and  B,  can  afford  to  pay  more  for  irrigation  water  than  those  not  in  position 
to  grow  these  crops.    Those  in  the  "C"  may  be  limited  by  physical  conditions, 
lack  of  a  marketing  contract  or  outlet,  or  other  unfavorable  conditions,  to 
strictly  staple  crops.    A  wider  gap  in  net  returns  per  acre  exists  between 
cotton  as  the  most  profitable  crop,  and  the  staple  crops  alternatives  in  ' 
comparison  with  the  margin  in  earnings  between  cotton  and  the  specialty  crops, 
under  the  production  and  price  conditions  for  this  study.    The  greater  the 
proportion  of  the  land  not  planted  to  cotton  that  operators  are  able  to  use 
in  specialty  crop  production,  the  higher  will  be  their  net  returns  and  the 
price  that  they  can  afford  to  pay  for  irrigation  water  (see  Table  h) . 

Total  farm  net  returns- over- variable  expenses  for  all  three  systems 
drop  rapidly  as  irrigation  water  costs  increase.    Thus  growers  with  cropping 
system  A,  including  all  alternatives  in  the  study,  would  receive  $108,1|03  in 

1/    A  simple  procedure  will  determine  fixed  and  total  costs  for  irrigation 
water  at  the  pump  head  or  farm  gate,  using  appropriate  estimates  for  irrigation 
water  variable  expenses.    Annual  fixed  or  overhesd.  costs  for  pumping  irrigation 
water  under  conditions  of  this  study  on  the  61^^0-acre' general  crop  farms  total 
:|;13, 797  (these  costs  do  not  include  allowances  for  farm  distribution  systems). 
The  rate  per  acre  -foot  will  vary  inversely,  according  to  the  quantities  pumped; 
at  3,000  acre-feet,  the  fixed  cost  per-acre  foot  is  $U.60;  at  2,500  this  cost 
increases  to  $5-52;  at  2,000  acre- feet,  it  reaches  $6.90  per  acre-foot  and  at 
1,500,  $9.20  per  acre-foot.    Total  water  cost- per  acre -foot  equals  these  fixed 
costs,  plus  outlays  for  irrigation  water  variable  expenses.    Thus  at  $3.00  per 
acre- foot  for  this  latter  item,  total  costs  under  the  above  range  of  fixed 
costs  will  vary  from  $7.6o  to  $12.20  per  acre- foot.    Similar  estimates  can  be 
prepared  for  alternative  quantities  of  water  and  for  other  levels  of  irrigation 
water  variable  expenses. 
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TABLE  k 


Variations  in  Farm  Net  Returns  and  Irrigation  /Water 
Variable  Costs;  Three  Cropping  Systems— 


A-Includes 

all  alternative  crops 

B-Excludes  cantaloups 

C -Excludes 

cantaloups  &  sugar  beets 

Net 

Expense  / 

Quantities 

Net 

Expense  / 

Quantities 

Net 

Expense  / 

Quantities 

retiirns 

acre-ft . 

acre-ft. 

returns 

acre-ft. 

acre-ft. 

returns 

acre-ft. 

acre-ft. 

1 

2 

3 

4 

r 

6 

7 

8 

9 

dollars 

feet 

dollars 

feet 

dollars 

feet 

1D8,403 

0.00 

3,050 

95,205 

0.00 

3,232 

92,076 

0.00 

3,065 

98,134 

3.36 

3,007 

86,215 

2.76 

3,205 

84,793 

2.40 

2,837 

96,238 

3.96 

2,807 

84, 320 

3.36 

2,727 

83,627 

2.76 

2,833 

75,105 

11.52 

2,650 

61,630 

11.64 

2,689 

81,972 

3.36 

2,762 

7^^,009 

11.88 

2,457 

50,004 

15.96 

2,374 

47,061 

15.96 

2,746 

63,i^25 

16.20 

1,951 

49,452 

16.20 

1,628 

46,421 

16.20 

1,616 

61,768 

17.04 

1,926 

48,068 

17.04 

1,626 

26,205 

16.32 

1,241 

S9.617 

18.24 

1,502 

46,253 

18.24 

1,566 

29, 515 

29.88 

1,198 

53^666 

22.08 

1,443 

35,003 

25.44 

1,241 

i^2,558 

29.88 

1,408 

29, 515 

29.88 

1,198 

a/    Gross  receipts  less  variable  expenses,  fixed  costs    not  considered. 


net  retumc -over-variable  expenses  at  a  zero  price  for  irrigation  water: 
this  return  vould  fall  to  the  $6'+,  000  fixed  cost  level  at  water  prices  of 
$16.00  per  acre-foot,  a  reduction  of  ■.^kk,h03.    This  sharp  earnings  decline 
represents  an  average  rate  of  .i;2,775  reduction  in  net  returns  for  each  $1.00 
increase  in  irrigation  water  prices  (see  Table  k) .    Comparable  drops  in  net 
returns  for  the  other  two  cropping  systems  as  water  prices  rise  from  zero 
to  th(i  "breakeven"  prices  are  $2,837  and  $2,801  per  dollar  per  acro-foot 
for  Systems  B  and  C,  respectively. 

Farm  Net  Returns  Increase  with  Water  Added  at  Constant  Costs 
Until  Quantities  Meet  I^Yill  Irrigation  Requirements 

A  second  important  economic  question  in  irrigated  farming  concerns  ir- 
rigation water  quantities.    How  do  changing  amomts  of  water  affect  cropping 
choices,  resource  allocations,  ajid  net  returns?    A  linear  programming  analysis 
enabled  us  to  explore  this  question.    We  allowed  the  quantity  of  water  to 
vary  for  each  of  the  three  farming  systems  from  zero  to  about  2,800  acre-feet, 
with  variable  expenses  for  water  remaining  constant    at  $3.00  per  acre-foot. 
Later  this  cost  is  adjusted  to  zero  in  the  programming  solutions  in  order  to 
detemine  the  added  value  of  production  at  successive  water  additions  (marginal 
value  products).  '  | 

Total  farm  net  returns -over- variable  expenses  rise  for  each  of  the  three 
cropping  systems  as  irrigation  water  quantities  increase,  at  a  constant  price 
of  $3.00  per  acre-foot,  from  zero  to  approximately  2,800  acre-feet  (see  Figure 
11) .    The  sharper  rates  of  gain  in  income  are  for  earlier  increases  in  water 
inputs.    Breakeven  points  (total  farm  net  returns -over-variable  expenses  equal 
to  $61^,000)  occur  at  slightly  over  1,000  acre-feet  for  Cropping  System  A,  in- 
cluding all  alternatives,  and  at  approximately  1,250  acre-feet  for  the  other 
two  systems  (see  Figure  11  and  Table  5). 

1 

We  would  expect  this  same  relationship  to  hold  at  other  levels  for  irri- 
gation water  variable  expense.    Breakeven  point  locations  would  occur  at 
progressively  greater  water  quantities  as  water  costs  increase,  xmtll  they 
reach  the  $l6.00,  $11.00,  and  $10.00  prices,  and  associated  quantities,  al- 
ready established  by  the  previous  analyses  (see  Figure  10  and  Table  k) . 
Mojia^ement  returns  and  profits  would  accrue  at  each  water  cost  level  only 
at  quantities  greater  than  those  required  to  increase  net  farm  retiirns  above 
the  breakeven  points.  i 
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FIGURE  II.    FARM  NET  RETURNS  AT  VARYING  QUANTITIES  OF  IRRIGATION  WATER;  THREE 
CROPPING  SYSTEMa 

(water  variable  expense  $3.  00/acre-feet) 
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TABLE  ^? 


Farm  Net  Returns  Over  Variable  Costs  at  Varying  Quantities 

of  Irrigation  Water— 


Net  returns 

Irrigation  Water 

Net  returns 
per  acre -foot 

Total 

Change 

Total 

Change 

1 

2 

3 

h 

5       1  6 

dollars 

acre-feet 

dollars 

A.     Includes  all  Alternative  Crops 


000 
19,060 
63,056 
68,922 
70,681 
81,096 
82,128 
83,5^+6 
90,  W  8 
90,787 
97,550 
99, 312 
TO,  6kl 


000 

19,060 
1+3,996 
5,866 
1,759 
10,1+15 
1,032 
1,1+18 
6,902 
339 
6,763 
1,762 

1,329 


000 
229 
1,009 
1,125 
1,160 
1,1+08 
l,'+i^3 
1,517 
1,926 
1,950 

2,1+57 
2,650 

2,807 


000 
229 
780 
116 

35 
21+8 

35 
71+ 
1+09 
21+ 

507 
193 
157 


62.1+9 


20.90 


Excludeg  Cantaloups 


000 

1^3,995 
1+9,861 
62, 581 
63,81+2 
72,038 
73,093 
73,130 
83,082 

87,13^ 
87,1+61+ 

87,1+89 


000 
^3.995 
5,866 
12,720 
1,261 
8,196 
1,055 
37 
9,952 
1^,052 
330 
25 


000 

780 

895 
1,198 

1,21+0 

1,563 
1,626 
1,628 
2,37^ 
2,689 
2,727 
2,735 


000 

780 
115 
303 

1+2 

323 
63 
2 

7I+6 

315 
38 
8 


51.98 


15.80 


Excludes  Cantaloups    and  Sugar  Beets 


000 

000 

000 

000 

0.00 

^3,996 

^3,996 

780 

780 

56.1+0) 

1+9,862 

5,866 

895 

115 

51.0l( 

62,582 

12,720 

1,198 

303 

1+1. 98  \ 

63,81+3 

1,261 

l,2i+0 

1+2 

30.02/ 

68,868 

;>,025 

1,616 

376 

13.36\ 

83, 95^+ 

15,086 

2,7^6 

1,130 

13.35/ 

8i+,007 

53 

2,750 

1+ 

I3.25f 

81+,  152 

1I+5 

2,761 

11 

13.18 

31+,  153 

1 

2,762 

1 

1.00  J 

51.1+8 

1 

13.3^ 


a/    Gross  receipts  lesL;  variable  expenses,  fixed   costs  not  considered. 
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Sharpest  rates  of  gain  in  total  farm  net  returns-over-variable  expenses 
per  acre-foot  of  irrigation  vater  availalile  occur  for  the  earlier  increments 
above  zero;  up  to  about  l,kOO  feet  for  "A",  and  up  to  1,200  acre-feet  for 
Systems  B  and  C  (see  Figure  11).    These  rates,  and  how  they  change  as  added 
water  becomes  available  at  a  constant  price,  are  extremely  important  to  farm 
operators.    They  are  particularly  concerned  with  net  returns  per  added  acre- 
foot  of  available  water  beyond  the  quantity  required  at  the  breakeven  point 
for  total  farm  net  returns  and  fixed  costs,  the  area  in  which  profits  arise. 
These  analyses  indicate  that  under  the  conditions  of  this  study,  operators 
of  farms  with  the  "A"  cropping  system  can  expect  about  $62.00  average  adjusted 
net  return  per  acre -foot  of  irrigation  water  for  additions  prior  to  the  break- 
even point,  and  an  average  of  about  ip21.00  for  amounts  added  from  that  point 
up  to  the  2,0OO  acre -foot  maximum.    Comparable  data  for  Cropping  Systems  B 
and  C  are  $51.00  and  $l6.00,  and  $51.00  and  $13.00,  respectively.    A  later 
section  includes  more  detailed  information  about  how  these  total  farm  net 
returns  relate  to  various  crops,  as  well  as  to  added  water  available. 

Crops  Vary  Widely  in  Wet  Returns  to  Added 
Quantities  of  Irrigation  Water 

Most  farm  operators  on  occasions  find  it  necessary  under  scarcity  condi- 
tions to  riition  the  limited  quantities  of  irrigation  water  available  for  crop 
use.    Some  face  this  problem  practically  eveiy  season;  others  only  under 
unusual  conditions,  such  as  reduced  supplies  accompanying  years  of  low  pre- 
cipitation.   Regardless  of  when  a  farmer  must  allocate  water  among  competing 
farm  uses,  it  is  highly  important  that  he  have  effective  guides  for  making 
sound  decisions.    He  needs  reliable  information  that  will  enable  him  to  al- 
locate his  scarce  supplies  so  as  to  maxiraize  his  earnings. 

We  undertook  to  establish  such  information  through  a  linear  programming 
analysis,  in  which  we  determined  the  changes  in  total  net  farm  returns,  and 
the  dollar  value  increments  (marginal  value  products)  involved  in  such  chcinges. 
These  data,  according  to  crops  responsible  for  maximum  earnings  as  we  varied 
total  annual  water  quantities  from  zero  to  the  largest  quantity  that  Cropping 
System  C  could  use  profitably  are  as  follows: 
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Water 


Marginal  value 
products  (dollars 
Net  returns       per  added  acre- foot) 


Added       Total     Added      Total     @  $3.00     @  $0.00 


Crops 


acre -feet 


dollars 


895 


name 


895    1+9,862    U9,862         55.71         58.71  Cotton 


(  Cotton 

3I+5       l,2l+0    13,981    63,81+3         1+0.52         1+3-52    J  B.  Beans 

I  Total 


376      1,616     5,025    68,868        13.36  16.36 


Cotton 
B.  Beans 
Alfalfa 
Total 


acres 


200 

200 
160 
320 

200 
160 
61 

"!+2r 


l,ll+6       2,762    15,285    81+,  152        13.3I+        16.3I+  • 


Same 
Alfalfa 
Total 


1+21 
181 

ToT 


Clearly  cotton  offers  the  highest  net  return  for  the  first  irrigation  water 
and  should  receive  all  that  can  be  obtained  up  to  900  acre -feet.    Blackeyed  beans, 
and  then  alfalfa  hay,  on  Grade  I  soil  as  is  the  cotton,  earns  the  greatest 
number  of  dollars  per  acre- foot  for  additional  water  up  to  about  1,150  acre- 
feet  total  for  the  farm.    Finally,  if  still  more  water  cbji  be  obtained,  alfal- 
fa hay  on  the  Grade  II  soil  (I8I  acres)  will  return  $13. 3*+  over  the  $3-00 
price  used  in  this  analysis,  or  a  total  of  $16.3!+  per  acre -foot  for  an  addi- 
tional 1,  II+6  acre-feet,  making  a  total  quantity  of  2,762  acre- feet  for  the 
System  C  farm.    Marginal  value  products  (dollars  added  per  acre -foot  of  ir- 
rigation water)  decline  sharply  from  $59.00  per  acre-foot  for  the  first  900 
feet  Tised  on  cotton  to  $l6.00  per  acre -foot  for  the  final  1,150  increment 
applied  to  alfalfa  hay  on  the  Grade  II  soil.  I 

If  an  operator  under  these  circumstances  has  less  than  the  9OO  acre- feet 
of  water  required  for  irrigating  all  200  acres  of  cotton  properly,  he  shouM 
reduce  acreage  accordingly.    He  definitely  should  not  attempt  to  ration  the 
water  sjnong  the  total  200  acres  that  would  maximize  net  returns  imder  more 
favorable  water  conditions.    He  would  find  it  more  profitable  to  leave  acres 
idle  than  to  attempt  to  spread  inadequate  quantities  of  irrigation  water  over 
too  many  acres . 
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The  decreasing  increments  of  marginal  value  products  (net  returns)  accom- 
panying successively  added  water  quantities  clearly  demonstrate  the  nature  of 
the  problem  that  farmers  with  inadequate  water  supplies  face  (see  Figure  12, 
upper  section) .    Only  through  accurate  information  on  such  changes  in  marginal 
value  products  to  added  quantities  can  such  operators  be  assured  that  they 
will  obtain  highest  possible  returns  to  their  limited  resource,  whether  it 
be  irrigation  water  or  some  other  critical  item. 

Water  Costs  Exert  Major  Influence  on  Farm  Organization  Decisions 

Changing  variable  expense  levels  for  a  major  resource,  such  as  water  in 
irrigated  farming,  quite  often  causes  shifts  in  the  relative  profit  ranking 
among  farm  enterprises.    Such  shifts,  in  turn,  can  bring  important  changes  in 
crop  choices  and  in  resource  allocations.    Linear  programming  served  in  this 
study  to  identify  the  major  changes  in  crop  choices  and  acreages  accompanying 
increases  in  total  irrigation  water  variable  expenses  from  zero  to  $32.00  per 
acre -foot.    Results  for  Cropping  System  B,  indicate  that  a  farmer  would  need 
to  use  five  different  combinations  of  crops  and  acres  within  the  zero  to 
$32.00  range  of  cost  per  acre- foot  to  obtain  maximum  total  farm  net  returns 
at  each  water  cost  level  (see  Figure  13). 

There  is  little  consistency  in  the  width  of  the  water  cost  Interval  that 
applies  to  each  of  the  five  different  farm  organizations  within  the  B  crop 
system,  under  these  varying  water  price  conditions.    Organization  No.  1,  with 
the  lowest  water  costs,  offers  the  most  favorable  earnings;  it  is  the  only 
one  that  enables  the  operator  to  receive  farm  net  returns  equalling  or  ex- 
ceeding fixed  costs,  and  represents  the  optimum  cropping  pattern  for  the 
water  price  interval  from  zero  to  almost  $12.00  per  acre-foot.    Width  of 
the  water  cost  interval  for  the  other  four  varies  from  about  ^k.OO  for  No.  3 
to  approximately  $7-50  for  No.  k  (see  Figure  13).    One  farm  organization 
ceases  to  be  optimum  and  another  assvimes  this  status  within  the  zero  to 
$32.00  range  for  water  costs  when  the  price  changes  generate  enough  differences 
among  crops  to  cause  a  complete  substitution  of  one  crop,  or  some  acreage  of 
one  crop,  for  another  or  a  portion  of  the  acres  previously  assigned  to  the 
first  one. 
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FIGURE  12.    CHANGES  IN  NET  FARM  RETURNS  CROP  ACRES  AND  MARGINAL  VALUE  PRODUCTS 
PER  ACRE-FOOT  OF  WATER  AT  VARYING  QUANTITIES  OF  IRRIGATION  WATER. 


Quantities  of  Irrigatioii  Water 
(Acre-Feet) 


FIGURE  13.   OPTIMUM  CROPPING  PLANS  FOR  CRITICAL  RANGES  OF  IRRIGATION  WATER 
VAPOABLE  COSTS. 
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1/  C  =  Chino  Clay  Loam,  T.  =  Traver  Fine  Sandy  Loam 

2/  1  =  Irrigation  Treatments,  1  =  Wet,  2  =  Me-divun,  4  =Dry 


Cotton,  the  most  profitable  within  the  group  of  possible  alternatives, 
dominates  all  five  farm  organizations  in  this  analysis;  it  continues  to  oc- 
cupy 200  acres  of  the  top  grade  Chino  land  throughout  the  range  of  water  cost 
variations.    Sugar  beets,  likewise,  maintain  their  position  in  the  crop 
organization  as  water  prices  rise  from  zero  to  slightly  more  than  $l8.00  per 
acre- foot;  they  drop  from  72  acres  to  6I  in  Organization  No.  h,  and  disappear 
completely  in  No.  ^,  the  interval  with  highest  water  costs  (see  Figure  13) . 

Alfalfa  hay  occupies  far  more  land  than  blackeyed  beans  at  lower  water 
costs,  but  disappears  in  Organization  No.  3j  the  beans  gain  from  30  acres 
at  the  lowest  water  cost  interval  to  I60  at  the  most  costly  rate.  Water 
occupies  a  much  more  important  relative  position  in  total  input  requirements 
and  costs  for  alfalfa  hay  than  for  blackeyed  beans;  this  makes  the  former 
crop  more  vulnerable  to  high  water  costs,  and  causes  the  two  crops  to  shift 
rank  according  to  net  returns  as  water  prices  rise.  I 

All  Chino  (Grade  l)  soil,  continues  in  production  as  water  costs  increase 
and  the  cropping  patterns  change  through  Plan  k,  for  which  $25.50  represents 
the  upper  water  cost  limit.    Organization  No.  5*  at  the  upper  end  of  the  zero 
to  $32.00  cost  range,  includes  6I  acres  of  idle  Chino  soil.    All  Traver  (Grade 
II)  is  idle  in  this  plan.    A  higher  cotton  acreage  allotment,  of  course,  would, 
permit  the  farm  operator  to  plant  more  of  his  land  mder  such  high  water  cost 
conditions;  we  explore  this  question  further  in  a  later  section.    It  is  quite 
evident  from  this  analysis  that  increasing  water  costs,  (a)  reduce  net  returns 
for  enterprises  and  the  total  farm,  (b)  change  resoixrce  allocations  among 
crops,  (c)  cause  crop  acreages  to  decline  and  crops  to  drop  out  of  production 
as  costs  become  progressively  higher,  (d)  substitute  idle  land  for  crop  pro- 
duction, beginning  with  lower  quality  soils  but  later  affecting  the  best  ones, 
and  (e)  finally  make  economic  production  impossible.    The  overall  impact  of 
rising  water  costs  is  sufficiently  serious  that  operators  must  make  continual 
analyses  and  adjustments  in  order  to  maintain  optimum  crop  organizations  within 
basic  cropping  systems.    Excessive  levels  for  water  costs  mean  that  farmers 
are  \mable  to  utilize  part  or  all  of  their  land  and  other  resources  effectively. 

Farmers  Will  Decrease  Irrigation  Water  Use 
as  Water"  Costs  Increase 

Analyses  reported  in  the  previous  sections  have  Indicated  that  the 
breakeven  points  for  the  tliree  cropping  systems  imder  conditions  in  this 
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study  come  at  irrigation  water  variable  expenses  of  approximately  $l6.00, 
$11.00,  and  $10.00  per  acre-foot  for  Systems  A,  B,  and       respectively.  This 
means  that  total  farm  net  revenue  over  variable  expenses  falls  progressively 
farther  short  of  fixed  costs  as  operators  continue  to  b\:iy  water  at  increasing 
prices  above  the  breakeven  points.    Such  relationships  mean  losses  on  farm 
investments.    We  would  expect,  in  these  circumstances,  that  farm  operators 
with  acciarate  knowledge  of  technical,  price,  and  other  relevant  relationships 
would  progressively  reduce  water  purchases  and  use  as  prices  rise;  they  would 
increase  them  as  prices  drop. 

Results  from  our  analysis  of  quantities  of  irrigation  water  associated  with 
optimum  organization  ajid  net  returns  for  the  three  cropping  systems  substantiate 
this  assmption;  the  familiar  economic  principle  that  quantities  taken  by  buyers 
move  inversely  to  prices  for  the  item  being  purchased  holds  for  irrigation  water 
on  our  farm  model.    Actually  earlier  analyses  reported  in  sections  abo-ve  clear- 
ly indicated  such  relationships.    A  specific  analysis    using  linear  programming 
will  serve,  however,  to  estab3j.sh  reasonably  precise  quantitative  relationships 
between  water  costs  and  quantities  used.    These  results  are  quite  Important 
whenever  questions  arise  concerning  the  possible  effects  of  a  particular  water 
price,  or  of  some  change  in  an  existing  price,  on  the  quantities  of  irrigation 
water  that  farmers  will  purchase.    We  assiame,  again,  that  farmers  making  the 
decisions  are  fully  informed,  and  that  they  act  according  to  their  own  best 
interests;  that  they  choose  courses  of  action  leading  to  optimum  organization 
and  net  returns.    Our  analysis  shows  the  changes  in  water  used  at  a  series  of 
water  variable  cost  levels  rising  from  zero  to  approximately  $32.00  per  acre- 
foot  .    Quite  naturally  farm  operators  would  use  maximum  quantities  of  water 
at  zero  prices  (see  Figure  ih) .    They  reduce  water  use  by  a  series  of  steps^ 
as  costs  increase  above  this  level.    This  same  general  water  use  pattern  holds 
for  all  three  cropping  systems.    Farm  operators  cut  their  water  requirements  in 
four  ways:    first,  they  use  drier  irrigation  treatments  on  crops  already  being 
grown,  next  they  shift  land  from  crops  with  relatively  high  to  those  with 
smaller  water  requirements;  then,  they  eliminate  crops  that  become  unprofitable 


1/    The  "stepped"  shape  of  thi3  demand  curve  reflects  two  aspects  of  our  pro- 
cedure in  the  linear  programming  analysis;  (a)  we  assume  no  change  in  net  returns 
per  acre  of  a  crop  imder  a  particular  set  of  production  and  price  conditions, 
regardless  of  how  many  acres  an  operator  grows  (a  linear  relationship),  and  (b) 
the  criteria  for  computing  the  "border  prices."    A  particular  quantity  of  water 
is  optimum  for  the  entire  price  interval  of  the  step  (see  Heady  and  Candler, 
op.  clt.  Chap.  8). 
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FIGURE  14.    FARM  DE^MAND  FOR  IRRIGATION  WATER 
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as  water  prices  rise,  thus  leaving  land  idle.    The  ultimate  adjiistment,  if 
water  costs  make  profitable  faming  impossible,  is  to  cease  all  farm  production 
and  go  out  of  business.    Farmers  take  this  final  step  only  with  great  reluc- 
tance, and  if  no  other  alternative  exists.    Most  operators  facing  such  a  choice 
and  course  of  action  usually  will  accept  zero  maneigefflent  earnings  and  reduced 
return  on  capital  Investments  for  some  period  of  time  before  going  out  of 
business .    Capital  losses  often  aj-e  unavoidable  when  farmers  undertake  to  sell 
farm  property  for  reasons  such  as  these. 

How  do  farmers  accomplish  the  several  steps  Involved  in  adjusting  to 
rising  water  costs?    Our  analyses  answer  this  question  according  to  our  assijmp- 
tion  that  farmers  will  recognize  and  follow  course  of  action  In  their  best 
interests.    The  changes  in  crop  choices  ajjd  acreages  among  the  five  cropping 
plans  in  the  previous  section  pro-vide  excellent  examples  of  how  farmers  shift 
acreages  among  crops  as  water  costs  Increase  (see  Figure  I3) .    Optimum  land 
use  calls  for  cutting  alfalfa  hay  acreage  and  increasing  that  in  dry  edible 
beans — a  lower  water  use  crop,  as  water  costs  rise. 

Sharp  reductions  In  water  use  at  approximately  the  $l6.25  per  acre -foot 
level  for  variable  expenses  Illustrate  quite  effectively  the  third  step  In 
adjusting  to  high  water  costs  (see  Figure  Ik).    Under  the  conditions  of  this 
study  it  is  not  profitable  to  grow  the  available  alternative  crops  on  Traver 
(Grade  II )  soils  when  water  prices  reach  this  level;  gross  receipts  for  such 
production  are  inadequate  to  cover  variable  expenses.    Total  farm  water  re- 
quirements at  the  optimum  use  level,  therefore,  drop  sharply  to  such  quantities 
as  the  better  soil  can  use  with  some  net  return-over- variable  expenses  (al- 
though this  net  for  the  total  farm  is  Inadequate  to  cover  fixed  costs).  The 
result  is  a  sharp  "plateau"  effect  in  the  stepped  demand  curve  (see  Figure  Ik). 
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HIGH  WATER  COSTS  OR  REDUCED  QUANTITIES  CUT  FARM  PROFITS  SHARPLY 

Irrigated  farming  requires  large  amounts  of  capital;  this  capital  entails 
high  annual  costs.    Total  average  farm  investments  in  farm  resources  for  the 
6ilO-acre  crop  farm  model  slightly  exceed  one-half  million  dollars  (see  Table  l) . 
Previous  analysis  has  included  repeated  references  to  $6^,000  in  annual  fixed 
costs  that  accompanies  these  investment  and  associated  overhead  requirements 
(see  Table  2).    Interest  on  farm  capital  alone,  at  the  assumed  market  rate  of 
6  percent,  accounts  for  $30,000,  almost  half  of  all  fixed  costs.    Our  earlier 
analyses  emphasized  the  breakeven  points --where  total  farm  net  returns -over- 
variable  expenses  equalled  the  ^^6k,000  total  for  fixed  costs --as  an  important 
criterion  for  evaluatin,?;  efficiency  in  using  water  and  other  farm  resources. 
Thus  we  established  that  these  critical  points  occur  at  the  $l6.00,  $11.00, 
and  $10.00  per  acre-foot  levels,  respectively,  for  water  variable  expenses 
xmder  the  A,  B,  and  C  cropping  systemrs.    But  these  relationships  do  not  pre- 
cisely define  net  farm  Income,  farm  profits,  and  management  income  for  our 
6kO-acTe  model  tinder  varying  water  supply  and  cost  conditions.^  ' 

The  latter  measures  not  only  can  be  useful  in  evaluating  the  results  of 
our  analysis  for  the  6i4-0-acre  model;  they  also  facilitate  comparisons  with 
earnings  for  other  farm  sizes  and  organizations,  and  with  nonfarm  businesses. 
We  calculated  such  measures,  therefore,  in  order  to  determine  how  changes  in 
quantity  and  in  costs  for  irrigation  water  affect  farm  profits  for  the  A  and 
C  cropping  systems.    At  $3.36  per  acre -foot  for  Irrigation  water  System  C 
(cantaloups  and  sugar  beets  excluded)  shows  $8l,972  as  total  farm  net  returns- 
over-variable  expenses  or  a  surplus  over  fixed  costs  of  $17,972  (see  Table  6). 
We  obtain  net  farm  income  by  adding  to  this  amount  $1,800  representing  costs 
previously  deducted  as  the  value  of  farm  work  performed  at  no  cash  cost  by 
the  operator,  and  $30,352  for  interest  on  farm  capital,  likewise  previously 
deducted  as  a  portion  of  fixed  costs,  although,  it  too.  Is  a  noncash  cost 
(cash  interest  pa,yments  to  others  will  be  required,  of  course,  if  the  operator 
owes  on  his  farm  capital  items).    From  this  net  farm  income  ($50,12^1)    we  de- 
ducted an  imputed  value  for  the  operator  as  a  full-time  worker,  based  on  hired- 
worker  wage  rates .    The  resulting  $l)-6, 52*4^  is  farm  Profit,  the  return  to  farm 
capital  and  management;  It  also  represents  9.2  percent  of  the  total  farm  capi- 
tal (see  Table  6).    Next  we  estimated  how  profit  shouH  be  divided  between 


1/  Conventional  definitions  for  the  more  commonly  used  farm  earnings 
measures  appeared  in  an  earlier  footnote  (see  page  15). 
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TABLE  6 


Farm  Profits  (Capital  and  Management  Income)  Under  Varying 
Water  Supplies  and  Costs;  640-Acre  Farm 


Varying  water  costs 

Item 

Limited  water 
supplies 

Cropping  system  C 

Cropping 

system  A 

Quantity  1,616  acJt. 
_cost  $3.00 

$3.36/ac.ft. 

$8.00/ac,ft. 

$3.36/ac.ft. 

$8.00/ac.ft. 

1 

2 

3 

5 

dollars 

a/ 

Total  farm  capital—' 
Gross  receipts  less 

variable  expenses 
Total  fixed  costs 
Net  retxirns  over 

fixed  costs 

505,885 

68,868 
6k ,000 

4,868 

505,885 

81,972 
64,000 

17,972 

505,885 

69,000 
64,000 

5,000 

505,885 

98,134 
64,000 

34,134 

505,885 

84,500 
64,000 

20,500 

Md  ^/ 
Valioe  operator '  s  work-^ 
Interest  on  capital 
KET  FARM  INCO^E 

1.800 
30,352 
37,020 

1,800 
30,352 
50,124 

1,800 
30,352 
37,152 

1,800 
30,352 
65,666 

1,800 
30,352 
52,652 

Substract  / 
Operator ' s  wage-' 
Profit  (return  to 

capital  and 

management 
Interest  on  farm 

capital  @  6  percent 
Management  income 
RATE  EARNED 

3,600 

33,420 

30,352 
3,068 
6.6 

3,600 

46,524 

30,352 
16,172 
9.2 

3.600 

33,552 

30,352 

3,200 

6.6 

3,600 

62,066 

30,352 
31,714 
12.3 

3,600 

49,052 

30,352 
18,700 
10.4 

a/    Average  investments  in  farm  property. 


b/    Calculated  at  $1.20  per  hour  for  time  in  field  work,  already  included  in  variable  costs, 
c/    Full -year  wages  for  operator's  time  at  hired  worker  rates, 
d/    Reward  for  decision  making  and  other  management  functions . 


return  on  the  capital  used  in  the  farm  business  and  reward  for  management  per 
se.    To  do  this,  we  siibstracted  from  total  profit  the  imputed  share  of  capital 
calculated  at  an  a.ssumed  market  rate  of  6  percent  Interest --the  same  rate  used 
in  calculating  interest  as  a  fixed  cost.    The  result  was  a  value  of  $l6, 172 
as  Management  Income ;  this  would  be  the  operator's  revmrd  for  maJcing  necessary- 
decisions,  running  the  business,  and  risking  over  one-half  million  dollars  in 
the  farm  business.  • 

Similar  calculations  for  other  water  costs  and  quantities  indicate  the 
impact  that  varying  water  cost  and  quantity  conditions  can  have  on  profit  and 
other  farm  earnings  measures.    An  increase  from  the  $3-36  level  to  $8.00  for 
water  variable  costs  for  System  C  reduces  management  income  to  $3,200.  Opera- 
tors on  System  A  farms  fare  better  in  earnings  as  water  costs  rise;  the  same 
price  change  as  cited  for  System  C  would  still  leave  such  operators  with 
$18,700  as  management  income,  in  addition  to  the  imputed  6  percent  return  on 
their  capital.    Total  rates  earned  under  these  water  prices  for  System  A  are 
appreciably  higher  than  for  farms  not  including  the  specialty  crops .  ^ 

A  serious  reduction  in  water  quantity  also  reacts  sharply  on  farm  profits; 
reducing  water  available  to  1, 616  acre -feet,  or  by  over  1,100  acre-feet,  with 
prices  at  ;i;3.00  per  acre  -foot  shows  about  the  same  result  for  the  System  C 
model  as  an  increase  in  water  costs  from  .t>3.36  to  $8.00  with  no  quantity- 
changes  (see  Table  6). 

This  analysis,  using  conventional  farm  earnings  measures,  further  emphasize 
the  vulnerability  of  fanners  to  shift  in  water  availability  and  costs.    This  is 
partly  because  the  earlier  analysis,  in  terms  of  breakeven  jioints  between  total 
net  returns -over- variB.ble  expenses  and  fixed  costs,  included  no  returns  to 
management  as  such.    The  evaluation  according  to  earnings  measures  also  puts 
the  problem  of  obtaining  adequate  returns  on  farm  capital  in  somewhat  clearer 
perspective.    It  adds  greater  emphasis  and  precision  to  our  earlier  findings 
that  shortages  of  irrigation  water,  or  imdue  cost  increases  for  this  resource, 
can  destroy  all  opportunities  for  farm  profits.  1 

It  also  is  important  at  this  point  to  repea.t  that  our  values  for  capital 
invested  in  land  represent  approximations  based  on  the  most  reliable  data  a- 
vailable;  they  do  not  necessarily  reflect  market  values,  and  the  costs  to  any 
operator,  precisely.    To  the  extent  that  these  estimates  for  land  values,  or 
any  other  farm  property,  fall  belov;  the  true  -VB.lues,  our  calculations  will 
indicate  corresjiondingly  Inflated  earnings . 
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F/JM  PRODUCT  PRICE  CTmGES  CAN  CAUSE  SHARP  VARIATIONS 
IN  WATER  USE  AND  PROFITS 


Cotton,  cantaloups,  and  siogar  beets  are  the  crop  alternatives  vith  highest 
net  returns  and  profits  under  conditions  of  this  study.    Thus  they  are  the  logi 
cal  candidates  for  attention  in  an  analysis  directed  to  determining  how  changes 
in  product  prices  affect  the  quantities  of  irrigation  water  that  farmers  use, 
prices  that  they  can  pay  for  it,  and  total  farm  profits.    We  already  know  from 
the  results  in  an  earlier  section  that  net  farm  returns -over-variahle  expenses 
and  ability  to  pay  for  irrigation  water  increase  as  farmers  add  cantaloups  and 
sugar  beets  to  cotton  in  their  cropping  systems  (see  Figure  10  and  Table  k) . 
Such  gains  represent  one  illustration  of  how  wider  ranges  of  choice  contribute 
to  increasing  earnings  opportunities .    We  wish  to  determine,  also,  how  changes 
in  farm  product  selling  prices  affect  these  same  farm  characteristics,  and  the 
opportunity  for  managers  to  use  added  quantities  of  water  profitably. 

All  three  of  the  high  return  crop  alternatives  are  subject  to  production 
restraints  under  conditions  in  the  study  area,  either  formal  acreage  limita- 
tions, or  such  informal  arrangements  as  marketing  contracts-    Cotton,  however, 
is  the  one  among  them  that  would  offer  the  greatest  latitude  for  expanding 
production  if  effective  controls  were  absent .    Thus  acreage  and  production 
did  expand  sharply  lander  the  Plan  A-B  alternative  available  to  growers  in 
1959  and  i960.    Market  breadth,  both  in  the  United  States  end  abroad,  and 
relative  freedom  of  cotton  lint  from  deterioration  under  prolonged  storage 
gives  cotton  a  decided  advantage  over  the  other  two  relatively  high-return 
crops  in  possibilities  for  increasing  production  under  favorable  conditions. 
Cotton  also  is  the  high-return  crop  found  on  practically  all  general  crop 
farms  in  the  study  area.    Thus  we  chose  cotton  for  our  special  analysis  of 
the  relationships  between  farm  product  price  changes  on  the  one  hand,  and 
water  costs,  quantities  used,  and  farm  profits  on  the  other. 

Linear  programming  in  this  analysis  allowed  cotton  lint  prices  to  vary 
from  zero  to  approximately  kO  cents  per  pound.    Two  major  assimiptions  are 
involved:     (a)  that  acreage  allotments  and  price  supports  are  not  in  effect, 
and  (b)  prices  and  relative  earnings  of  the  other  cropping  alternatives  do 
not  change.    Our  purpose  was  to  determine  how  farmers  would  respond  to 
changes  in  cotton  lint  prices  under  free  market  conditions .     In  addition  to 
to  the  above  two  assumptions,  this  analysis  is  subject  to  the  basic  conditions 
of  linearity;  it  does  not  consider  any  possible  changes  in  competitive  or 
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other  relationships  among  enterprises,  yield  reductions  accompajiying  cotton 
acreage  expansion,  or  limitations  imposed  by  shortages  of  capital  or  other 
resources . 

I 

In  order  for  growers  to  produce  cotton  at  all  two  conditions  must  exist. 
First,  the  prices  for  lint  ajid  seed  must  be  sufficiently  high  that  gross  re- 
ceipts from  cotton  exceed  variable  expenses.    Second,  net  earnings  from  j 
cotton  must  equal  dr  exceed  those  from  the  least  profitable  alternative  crop. 
Otherwise  a  decision^ to  grow  cotton  would,  lead  to  reduced  farm  income. 

Minimum  cotton  lint  prices  of  about  l8  cents  per  pound  are  necessary  to 
bring  cotton  into  the  program  under  conditions  in  this  study  (see  Figure  15 
and  Table  6  ).    At  this  price,  cotton  replaces  alfalfa  hay  on  the  Chino  soil. 
Still  further  rises  in  lint  prices  are  required  to  increase  cotton  production 
atove  its  initial  level.    After  cotton  enters  the  program,  however,  a  relative- 
ly small  increase  in  lint  price  stimulates  sharply  expanded  production  for 
all  three  alternative  cropping  systems  (A,  B,  and  C).    This  response  reflects 
the  fact  that  the  optimum  cropping  program  without  cotton  includes  a  large 
acreage  of  relatively  low  return  alfalfa.    Slight  increases  in  lint  prices 
make  cotton  a  more  profitable   claimant  for  the  resources  previously  allocated 
to  alfalfa.    At  a  lint  price  of  about  21  cents  per  pound  cotton  also  comes  into 
production  on  the  lower  quality  Traver  soil. 

As  a  result  of  cotton's  con5)etitive  advantage  \mder  conditions  in  this 
study,  lint  price  rises  of  0.'+  cents  per  pound  stimulate  cotton  production 
expansion  to  over  700  bales  (300  acres)  for  Systems  B  and  C,  respectively. 
Similar  expansion  for  System  A,  with  a  wider  range  of  choice  in  relatively 
high  return  crops,  requires  about  2.7  cents  per  pound  gain  in  lint  cotton 
prices  (see  Figure  15  and  Table  7)«    Further  price  rises  of  O.k,  2.k,  and  ^ 
2.3  cents  per  pound  of  lint  for  Systems  A,  B,  and  C,  respectively,  bring 
cotton  production  for  each  of  these  systems  to  about  800  bales  (approximately 
350  acres  at  applicable  yields).  ^ 

The  rate  of  production  response  to  rising  cotton  prices  falls  off  sharply, 
however,  at  prices  above  21  or  22  cents  per  pound  of  lint  for  all  three  systems. 
After  reaching  820  bales  (about  hOO  acres)  a  decidedly  sharp  increase  in  lint 
price  is  required  to  increase  cotton  profits  sufficiently  above  those  from 
other  alternative  crops  for  it  to  displace  them  in  compeition  for  available 
resources.    Thus  at  approximately  30  cents  per  poimd  for  lint,  cotton  produc- 
tion is  about  860  bales  for  each  of  the  three  cropping  systems;  a  further 
gain  of  only  about  kO  bales  accompanies  price  rises  of  6.0  to  8.0  cents  per 
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FIGURE  15.    COTTON  PRODUCTION  AT  VARYING  LINT  PRICES  WITHOUT 
ALLOTMENTS. 
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■     TABLE  7 

Cotton  Production  at  Varying  Lint  Prices  Without  Allotments 


A- Includes 

alternative 

crops 

3-Excludes  cantaloups 

C-Excludes  cantaloups  and 

sugar  jeets 

Net 

Price 

Net 

Price 

Net 

Price 

a/ 

Quantities— 

returns 

per  pomd 

a/ 

Queintities- 

ret\ims 

per  pound 

a/ 

Quantities— 

returns 

per  pound 

1 

2 

3 

1+ 

5 

b 

Y 

8 

9 

dollars 

bales 

dolla 

rs 

bales 

dollars 

bales 

65,989 

.000 

.0 

51,973 

.000 

.0 

^,913 

.000 

.0 

65,989 

.181+ 

i+77.6 

51>.973 

.180 

3.6 

i^8,915 

.180 

i+19.5 

66,916 

.188 

593.1 

170.5 

1+9,1+02 

.183 

563.6 

73,593 

.211 

680.2 

52,01+7 

.183 

331.6 

1+9,876 

.181+ 

729.9 

75,183 

.215 

786.8 

52,171 

.181+ 

712.1+ 

57,572 

.205 

730.8 

60,616 

.208 

806.9 

58,150 

.207 

799.6 

75,372 

.216 

799.8 

63,650 

.221 

818.2 

76,828 

.219 

801.1+ 

73,9^ 

.21+0 

822.8 

98, 35^^ 

.306 

853.1 

77,1^5 

.221 

821+.6 

97,783 

.298 

829.3 

102,151 

.31^^ 

891.7 

86,695 

.21+3 

856.3 

98,385 

.300 

855.8 

111,090 

.33^ 

893.3 

109,917 

.298 

865.8 

99,h-70 

.302 

863.5 

138,995 

.397 

893.5 

127,763 

.339 

882.1+ 

105,158 

.315 

867.2 

159,865 

.1+12 

898.6 

11^^,551 

.337 

880.9 

121,75*^ 

.353 

885.3 

a/    Bales  of  500  pounds  gross  weight. 


poiind  for  the  three  systems.    Tills  reduced  response  to  price  gains  at  higher 
price  levels  for  cotton  shows  clearly  in  the  almcst  vertical  lines  at  the 
right  in  Figure  15- 

Clearly,  cotton  production  would  expand  markedly  with  free  market  prices 
higher  than  l8  cents  per  poiind  of  lint,  provided  farmers  were  free  of  acreage 
restrictions..    The  evidence  that  cotton  wouH.  displace  other  alternative  crops 
at  the  specified  lint  prices  indicates,  therefore,  that  farmers  would  be  able 
to  cover  water  variable  costs  (assumed  to  be  $3-00  per  acre  foot)  as  they 
expand  cotton  acreage  and  production  in  response  to  rising  lint  prices •  But 
this  information  is  incomplete  because  it  Ignores  fixed  costs .    Farmers  must 
recognize  this  latter  item  and  recover  an  equivalent  amount  in  addition  to 
variable  expense  outlays,  if  they  are  to  continue  in  production  for  any 
extended  period.    They  might  be  able  and  willing  to  stay  in  business  for  one 
season,  or  even  several,  even  though  net  returns -over-variable  expenses  fail 
to  meet  all  fixed  costs.    They  certainly  could  not  continue  indefinitely  under 
such  conditions,  even  if  they  were  willing;  few  would  be  I 

An  analysis  of  System  B,  allowing  both  cotton  lint  prices  and  acreage  to 
vary.  Indicates  how  such  variations  affect  net  returns  and  how  these  net  re- 
turns relate  to  total  farm  fixed  costs  and,  ultimately,  to  profits.  The 
initial  analysis  was  at  $3.00  per  acre -foot  for  irrigation  water  variable 
expenses,  but  we  also  examined  the  effects  of  raising  water  costs  to  $6.00 
and  $9*00  P^r  acre-foot  (see  Figure  l6) . 

With  cotton  lint  prices  less  than  l8.0  cents  per  pound  (and  therefore  none 
produced)    gross  receipts  less  variable  expenses  are  about  $52,000  for  the  6k0- 
acre  farm  as  compared  with  the  $64,000  breakeven  earnings  level  at  which  they 
equal  total  farm  fixed  costs.    Farm  net  returns  rise  sharply  as  cotton  prices 
and  production  increase;  they  reach  the  breakeven  point  with  lint  prices  at 
about  21.5  cents  per  pound  for  System  B  (no  cantaloups).    This  Is  evident  in 
Figure  l6;  the  Income  curve  and  the  line  representing  the  $6if,000  fixed  cost 
level  on  this  faim  Intersect  at  approximately  the  21.5  cents  lint  price  on 
the  X-axis .    Returns  and  profits  then  continue  to  rise  with  cotton  prices, 
but  profits  do  not  equal  their  level  under  existing  acreage  restrictions  and 
price  supports  until  lint  prices  reach  27-5  cents  per  pound.    Cotton  production 
at  this  price  occupies  about  kOO  acres,  or  double  our  assumed  200-acre  allot- 
ment with  cotton  prices  supported  at  33*0  cents  per  poimd. 
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FIGURE  16. 


FARM  NET  RETURNS  UNDER  VARYING  COTTON  LINT  PRICES 
WITHOUT  ALLOTMENTS, 


Prices  of  Cotton  Lint 
  (cents  per  poxind) 


If  water  variable  costs  rise  to  ^.00  per  acre  foot,  net  retiims  over 
all  "-ariable  expenses  do  not  equal  total  fixed  costs  until  lint  prices  reach 
about  23.7  cents  per  poiand;  a  further  rise  in  cotton  prices  to  approximately 
26.0  cents  is  required  to  bring  net  returns  to  the  breakeven  point  with  water 
costs  at  $9.00  per  acre  foot  (see  Figure  I6) .    Operators  would  allocate  about 
370  to  380  acres  of  land  to  cotton  under  such  price  conditions,  according  to 
the  analysis  above  (see  Figure  1^  and  Table  7)-    Profit  margins  above  breakeven 
net  retiims  would  require  still  higher  prices  for  cotton  lint  at  these  higher 
water  costs  under  conditions  of  this  study-    It  would  require  a  combination  of 
prices  approaching  those  under  existing  support  levels,  plus  acreage  and  pro- 
duction that  would  accompany  such  prices  in  the  absence  of  restrictions,  to 
attain  comparable  profits • 

These  results  clearly  indicate  that  under  free  market  conditions  cotton 
lint  price  Increases  above  the  I8.O  cents  per  poimd  level  would  stimulate  ex- 
panded cotton  acreage  and  production-    Such  gains  would  be  quite  sharp  and 
rapid  under  conditions  of  this  study  at  prices  up  to  about  22  cents  but  would 
continue  at  a  reduced  response  rate  until  lint  prices  reach  the  30*0  to  33'Ci 
cent  range.    If  water  variable  costs  remain  at  the  assumed  $3-00  per  acre- 
foot  level,  total  farm  net  returns -over -variable  expenses  would  equal  the 
$6if,000  fixed  costs  at  about  21-5  cents  per  po^u^d  for  Cropping  System  B.  Fur- 
ther gains  in  cotton  lint  prices  above  this  level  would  add  to  profits-  At 
a  lint  price  of  about  27-5  cents  they  would  equal  those  vmder  the  current  33 
cent  price  support,  coupled  with  a  200-acre  allotment  for  cotton;  any  further 
rises  would  bring  still  higher  profits.    We  conclude,  therefore,  that  for 
System  B  gains  in  cotton  lint  prices  above  Bbout  21-5  cents  per  pound  with  no 
acreage  allotments  would  increase  the  margi©  of  total  farm  net  returns-over- 
fixed  costs.    Farmers  would  be  able  to  use  more  irrigation  water  at  the  $3-00 
per  acre -foot  variable  cost  level,  or  to  pay  higher  prices  for  the  same 
quantities.    How  much  of  this  added  buying  power  they  wouM  have  would  depend 
on  the  actual  magnitude  of  price  rises- 

If,  in  such  circumstances,  farmers  should  pay  higher  prices  for  water,  the 
result  would  be  to  reduce  net  profits,  but   not     necessarily  to  lower  total 
farm  net  returns  below  the  breakeven  point.    Growers  would  need  to  balance  any 
such  gains  in  product  selling  price  carefully  against  changes  in  water  costs. 
Thus  they  would  need  to  receive  about  23-7  ajjd  26-0  cents  per  ijoiand,  respective- 
ly, for  lint  with  water  costs  at  $6-00  and  $9-00  per  acre  foot-    Again,  further 
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price  increases  beyond  these  indicated  at  the  breakeven  points  wouM  add 
to  profits  and  to  grower  ability  to  pay  for  water.  ^  ^ 

A  similar  analysis    for  System  A  served  to  identify  impacts  of  varying 
cotton  lint  prices  with  irrigation  water  variable  costs  remaining  constant 
at  $3.00  per  acre-foot  for  that  farming  system.    Cotton  comes  into  the  system 
at  18.0  cents  per  pound  of  lint,  after  which  production  increases  rapidly 
with  price  gains  until  it  reaches  over  80O  bales  at  22. 2^  cents  per  pound. 
It  is  at  this  price  and  quantity  for  cotton  that  farm  net  returns -over- var- 
iable expenses  equal    the  $6^4-, 000  breakeven  level  (see  Figure  17).    Net  returns 
do  not  attain  a  level  comparable  to  those  under  federal  supports  applying  in 
the  early  1960's,  however,  until  lint  prices  rise  to  27. 0  cents  per  pound,  and 
production  to  well  over  8OO  bales .  I 

A  secondary  conclusion  from  this  analysis  is  that  cotton  acreage  and  pro- 
duction on  the  6U0-acre  general  crop  farms  in  the  study  area  would  be  expanded 
considerably  under  free  market  conditions,  as  compared  with  their  levels  under 
price  supports  and  acreage  restrictions.    This  appears  quite  clear  from  the 
price -production  relationships,  even  after  allowlnf;  for  errors  inherent  in  the 
data  and  the  methods.    A  further  confirmation  is  available  in  the  records  of 
cotton  acreage  and  production  expansion  in  California  during  the  1959  and 
i960  seasons  with  Plans  A  and  B  available  to  growers.  ^ 

It  is  evident,  of  course,  that  our  conclusions  regarding  the  positive 
effects  of  farm  product  price  increases  on  farmer  ability  to  pay  for  water 
are  greatly  limited  in  practical  application  for  the  study  area,  as  well  as 
in  other  similar  cotton  growing  e,reas,  as  long  as  price  supports  and  acreage 
restrictions  are  maintained  at  or  near  current  levels.    The  former  greatly 
exceeds  production  costs  and  the  level  at  which  shairp  acreage  increases  would 
occur  in  the  absence  of  the  latter  (see  Figures  15-17)  •    The  general  relation- 
ships are  important  for  many  crops,  however,  and  direct  application  will  be 
possible  for  cotton  growers  whenever  the  administrative  provisions  now  pre- 
venting such  applicability  are  relaxed  sufficiently. 
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FIGURE  17^ 


COTTON  PRODUCTION  AND  FARM  NET  RETURNS  UNDER  VARYING  COTTON 
LINT  PRICES  WITHOUT  ALLOTMENTS, 


Prices  of  CottQiib  Limft 
(cextis.  per  pQ>iumd| 
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COICLUSIONS 


Water  is  the  critical  resource  within  the  complex  of  I'esources  and  conditions 
th.Mt  regulate  fami  profits  on  Cotton-General  Crop  f arras  in  the  San  Joaquin  Val- 
ley Eastside.    Climatic  conditions  are  such  tlmt  irrigation  vater  is  essential 
for  producinc  economic  yields  of  practicaU;/  all  crops.    Meanwhile,  fixed  costs 
<':ind  variable  expienses  for  all  other  resources,  at  market  or  going  rates,  set 
rigid  limits  on  fimds  that  farmers  safely  can  pay  for  irrigation  water.  Oper- 
ators with  their  capital  already  cojnmitted  dare  not  exceed  these  limits  on  a 
continuing  beisis  if  they  expect  to  obtain  satisfactory  returns  for  their  own 
majia^ement  and  supervision,  and  for  hazarding  their  capital.    Indeed,  those 
win  do  fail  to  recognize  and  observe  these  limits  face  the  likelihood  of 
substandard  earnings  on  their  capital,  with  actual  losses  a  distinct  possi- 
bility, j 

A  range  of  $10.00  to  ^l6.00  per  acre-foot    represents  the  upper  extreme 
of  the  cost  or  price  for  irrigation  water  variable  expenses  that  will  cover 
farm  fixed  costs  for  a  6l4-0-acre  Eastside  farm  under  I956-I96O  conditions,  | 
aUowing  no  return  for  management .    What  will  be  the  actual  maximum  v;lthin 
this  rajige  for  a  particular  farmer  operating  such  a  farm  will  depend  in  con- 
sidero.ble  measure  upon  the  proportion  of  his  land  that  he  is  able  to  plant 
to  cotton,  specialty  crops,  and  other  relatively  high-net  return  enterprises. 
Obviously,  many  other  conditions  and  forces  will  enter  into  this  question  if 
the  farm  under  consideration  varies  importantly  in  any  respect  from  the  con- 
ditions specified  in  this  study.    Likewise  for  water  quantities;  reductions 
below  1,000  to  1,200  acre-feet  for  the  602  irrigable  acres  in  this  farm  model 
will,  \jnder  conditions  of  this  study,  prevent  the  operator  from  obtaining  ^ 
sufficient  net  returns -over-variable  expenses  to  cover  total  farm  fixed  costs. 

We  recognize  that  the  above  statements,  based  on  the  I956-I960  investments, 
costs,  and  prices  require  additional  examination  In  terms  of  a  longer  view 
toward  the  future.    We  would  me,intain,  however,  that  there  is  little  likelihood 
of  fjjiy  important  reductions  in  fixed  costs  or  other  variable  costs  for  such 
operations  as  our  6i<^0-acre  model  in  the  absence  of  a  major  shift  toward  lower 
price  levels  for  the  entire  national  economy,  except,  conceptuaI_Ly,  for  land. 
The  status  of  lamd  vis-a-vis  the  other  resources  that  farmers  use  in  production 
is  such  that  reduced  total  farm  earnings  could  react  on  land  values  and  eliminate 
important  portions  of  the  investments  and  the  fixed  costs  now  included  in  the 
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6^'0-acre  iinalytical  model.    Thus  interest  on  Itind.  investments  accounts  for 
$23,Ol|0  of  the  $61<-,000  total  for  fixed  costs.    But  farmers  will  not  willing- 
ly accept  such  capital  losses,  often  representing  the  bulk  of  life -time 
savings,  if  any  alternative  coiirses  of  action  are  available.    It  appears 
reasonable,  therefore,  to  expect  that  only  in  the  most  dire  emergency  will 
informed  farmers  plan  and  continue  their  operations  based  on  irrigation  wa.ter 
variable  costs  at  levels  associated  with  inadequate  net  returns -over -variable 
expenses  to  cover  fixed  costs,  as  calculated  in  this  study.    Those  who  have 
already  committed  their  capital  certainly  have  attempted  to  assure  themselves 
that  water  supplies  and  costs  are  consistent  with  profitable  farming.  Those 
who  have  not  yet  done  so  may  be  exjjected  to  follow  similar  policies  if  and 
when  they  do. 

Another  possible  future  development  is  important  when  evaluating  how 
water  quantities  and  costs  react  on  farm  organization,  production  and  profits. 
This  is  the  question  of  changes  in  enterprise  earning  capacity;  such  shifts  may 
occur  due  to  price  changes  for  inputs  or  farm  products  within  the  existing 
marketing,  cropping,  and  production  pattern  or  in  yields  relative  to  inputs. 
They  also  may  reflect  improvements  in  market  demand  and  outlets,  penaittlug 
expanded  acreages  of  the  relatively  more  profitable  crojis .    Cotton  apparently 
promises  little  hope  along  these  lines  for  the  foreseeable  future.    The  op- 
portunities for  some  of  the  specialty  crops,  primarily  vegetables  and  fruits, 
will  depend  on  long-term  gix)wth  in  population,  favorable  consumer  consumption 
patterns,  and  overall  buying  power.    Other  studies  in  the  University  of 
California  have  indicated  that  some  acreage  and  production  increases  in  such 
specialty  crops  may  be  forthcoming  during  the  period  extending  to  197^  f^nd.  beyond. 

Finally,  it  is  important  to  note  tliat  farmers  do  have  available  a  number 
of  short-term  adjustments  to  increased  water  costs,  or  to  reduced  quantities 
available.    Most  of  these,  of  course,  represent  stop-gap  types  of  action,  such 
as  slaifting  to  drier  irrigation  treatments,  substituting  crops  with  lower  water 
requirements,  and  leaving  less  productive  land  idle.    Even  so,  such  expedients 
may  enable  a  farmer  to  meet  relatively  temporary  problems  concerning  irrigation 
water.     Likewise,  the  distinction  between  fixed  and  variable  costs  may  be  impor- 
tant in  short-temi  situations.    The  operator  with  his  capital  already  cominitted, 
and  associated  fixed  costs  inciirred,  may  consider  it  practicable  to  continue 
using  ground  water  pumped  with  his  ovm  facilities  as  long  as  they  last,  even 
though  the  combined  total  of  fixed  plus  variable  costs  for  this  water  may  exceed 
those  from  an  alternative  source  representing  new  outlays  in  tlieir  entirety. 


-72- 


APPENDIX 
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APPENDIX  TABLE  A-1 


Growth  Rates  on  Various  Soils  by  Five  Percent 
Intervals  for  Available  Soil  Moisture 
Depletion  and  Combined  Averages; 
Three  Irrigation  Practices  a/ 


Percentage  intervals  for 
available  soil  moisture 

Growth  rates  by  soil  types 

depletion 

Clay 

Clay  loam 

Loam 

Fine  sandy  loam 

1 

2 

3 

4 

peixientages  of  potential 

0-15^ 
15.1-20 
20.1-25 
25.1-30 

30.1-35 
35.1-^+0 
40.1-1+5 
1+5.1-50 
50.1-55 
55.1-60 
60.I-65 
65.1-70 
70.1-75 
75.1-80 
80.1-85 
85.1-90 
90.1-95 
95.1-100 

300.0^ 
100.0 

99.0 

98.5 

98.0 

Q7-S 

96.5 
96.0 

95.5 

Qk^O 

92.0 
89.0 

86.0 
82.0 
76.0 
70.0 
62.0 
50.0 

300.0^ 
99.0 
98.5 
98.5 
98.0 
08  0 

98.0 
97.5 
97.0 

94.0 
92.0 
88.0 
84.0 
78.0 
68.0 
64.0 
50.0 

300.0^ 
100.0 
100.0 
100.0 

•99.0 

q8  0 

98.0 
98.0 
98.0 
y  ( .u 
96,0 
Q5.0 

93.0 
00  0 
83.0 
75.0 
65.0 
50.0 

300.0^ 

100.0 

100.0 

100.0 

100.0 

100.0 
Q9.0 
98.0 

oft  n 

97.0 

Q7  0 
97.0 

95.0 
91.0 
81.0 
50.0 

Stun  at  100  percent  level 

1,782.00 

1,798.50 

1,835.00 

1,899.00 

Sum  X  (percent) 

89.10 

89.92 

91.75 

9I+.95 

Siom  at  80  percent  level 

1,524.00 

1,538.00 

1,562.00 

1, 582.00 

.05 

Simi  X  (percent) 

95.25 

96.12 

97.62 

98.87 

Sum  at  60  percent  level 

1,175.00 

1,180.00 

1,188.00 

1,195.00 

Stun  X  (percent) 

97.91 

98.33 

99.00 

99.58 

a/    Irrigation  practices  include  (l)  100  percent,  (2)  80  percent,  and  (4)  60  percent 
depletion. 


b/    The  first  three  five-percent  intervals  have  been  consolidated  for  brevity. 
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Condensed  Basic  Computational  Form  for  Linear  Programming 

a/ 

Calculations;  6i4-0-Acre  Farm,  Variable  'i/ater  Prices- 


Resource  or 

Supply  or 

Real  activities 

^21 

^^"58  b, 

ml 

 1i  

ac'fci\'i.tv  at 
non-zero 

activity 

Traver  fine  sand 

y  loam 

Chino  clay  leer- 

level 

Barley-j.sorg. 

Sugar  beets 

Alfalfa 

3.  beans 

level 

-  - 

2^/ 

1 

e/ 
1^ 

2 

1 

3 

^^1 

^2lf 

36 

-1.5 

•D 

51 

210.i4-5 

199.37 

62.73 

13^.36 

52.52 

1 

3 

Land,  Chino  c.  1. 

1 

ii-21  A. 

0 

0 

0 

1 

1 

1 

P-  Land,  Traver  f.s.l. 

181  A. 

1 

1 

•■  '■■  i  . 

0 

0 

0 

P^  Sugar  beet  contract 

72 'A. 

0 

0 

o-  ■ .. 

l" 

0 

0 

Pj^  Cotton  allotment 

200  A. 

1 

0 

■     0-  V 

.  0 

0 

0 

Pj.  Cantaloup  contract 

90  A. 

0 

1 

0 

0 

0 

Pg  Water  3/1-15 

if,  103  A" 

7.50 

0 

5.00 

0 

0 

0 

P^  Water  3/16-31 
Pg  Water  Vl-15 
P^  Water  Vl^-SO 

\  359  A'J 

0 

0 

15.38 

.63 

0 

A'.' 

0 

1.52 

5.00 

6.26 

0 

0 

i^,157  A" 

0 

3.05 

Q 

0 

8.38 

0 

P^Q  Water  5/1-15 
P^  Water  5/16-31 
P-_  Water  6/1-15 
P^2  Water  6/16-30 
P^j^  Water  7/1-15 

i^,937  A'i 

2.if5 

9.16 

0 

8.59 

0 

0 

5,193  A'i 

0 

5.^4-2 

0 

9.71 

7.32 

7.08 

3,9ifl  A" 

J4-.90 

6.10 

7.51 

0 

9.19 

0 

3,9^^1  A" 

10.88 

6.65 

0 

11.76 

0 

If.OU 

3, 620  A': 

5.88 

0 

1.52 

0 

9.65 

6.37 

P^^  Water  7/16-31 
15 

P^g  Water  8/I-I5 

3,861  A'.' 

5.93 

0 

3.05 

11.76 

7.32 

0 

3,398  A': 

6.55 

0 

9.16 

0 

7.70 

7.00 

P^^  Water  8/I6-3I 
P^g  Water  9/1-15 
P^g  Total  water 

3, 625  AV 

6.55 

0 

5.U2 

0 

7.32 

0 

3, 393  A': 

5.56 

0 

6.10 

0 

10.02 

0 

0 

-56.18 

-38.68 

-61. Ui 

-72.5^ 

-2^.57 

PgQ  Maximum  b,  beans 

160  A'.' 

0 

0 

0 

0 

0 

1 

(Continued  on  next  page.) 


Appendix  Table  A-2  continued. 


a/  See  also  Heady,  Earl  0.,  and  Wilfred  Candler,  op.  cit.,  p.  273. 

b/  Disposal  activities  (P^  throxagh  P^q)  omitted.    These  serve  in  calculations  to  account  for  resources  not  used 
in  optimum  crop  combinations  at  various  prices. 

c/  In  addition  to  the  examples  shown,  real  activities  include:    Traver  f.s.l.,  P^^  Cotton  1,  P^^  Cantaloups  2, 
Pg^  Alfalfa  3,  Pgg  Alfalfa  2,  P^^  Alfalfa  1,  P^q  B.  beans  2,  P^^  B. beans  1,  P^^  G.  sorghum  3,  P^^       sorghum  2, 
P^g  G.  sorghum  1,  P^^  Field  com  2,         Field  com  1,  P^^  Barley-Sorghum  2,  P^^  Barley  1;  Chlno  c.l..  P^g 
Cotton  k,  P^^  Cotton  2,  P^^^  Cotton  1,  P^^^  G.  sorghum  2,  T^^  G.  sorghum  1,  P^^^  Cantaloups  2,  Pj^^  Cantaloups  1, 
P^g  Sugar  beets  1,  P^^  Field  com  3,  Pj^  Field  com  2,  Pj^^  Field  com  1,  P^^  Alfalfa  2,  P^^  ^'  2,  P^j^ 

B  beans  1,  P^^  Barley-G.  sorghum  2,  P^g  Barley-G.  sorghum   1,  P^^  Barley  1. 

d/  100,  80,  80-100,  and  60  percent  levels  of  available  soil  moisture  depletion  prior  to  irrigation  are  coded  1, 
2,  3,  and  k,  respectively.  ; 

e/  Double  cropped.    C(net  returns)  represents  sum  for  both  crops. 

f/  C  line  includes  net  returns  over  variable  expenses  per  acre  for  each  of  the  37  income  activities  (farm  enter- 
prises) plus  the  0  for  P^g,  Purchased  water. 


APPENDIX  TABLE  A-3 


Calculation  Methods  for  Detennlning  Annual  Fixed  Costs  on  Farm  Property  or^^  / 
Capital  Goods,  (illustrated  by  JO  drawbar  horsepower  tracklayer  tractor).  -I 


Non-cash  costs 


1»    Interest  (6'j(i  of  average  investment) 

l^rlginal  cost  +  salvage  valuej    6/ 100 


|$iT,i6o  +  $2,t^02j  6/100  =  $587 


2.  Depreciation 


Original  cost  -  salvage  value  =  $17^l60  -  .$2,^^02  = 
years  on  farm  10 

TOTAL 


l,i^T6 


$2,063 


Cash  costs 

1.  Taxes 

Assessment  @  35^  of  average  investment  =  $3»^23  x  6,5^  levy 

2.  Insurance 

Estimated  ©  0.75'^  of  average  investment  = 
TOTAL 

ALL  FIXED  COSTS 


$222 


73 


$295 


$2,358 


Fixed  costs  In  this  report  include;  "overhead"  costs  that  the  farm  operator 
incurs  larr^ely  regardless  of  variations  in  the  scope  of  his  annual  operations. 
A  heavy  proportion  of  these  costs  relate  directly  to  land,  machinery  and  other 
capital  goods;  some  refer  to  such  overhead  as  "cost  of  owning"  such  property, 
or,  simply,  as  "capital  costs."    Another  important  category  of  fixed  costs  are 
those  administrative  expenses  that  are  unavoidable  in  the  function  of  managing, 
but  that  are  difficult  if  not  impossible  to  allocate  to  specific  income-pro- 
ducing activities,  or  enterprises.    Among  this  latter  group  are  office  expenses, 
organization  dues,  social  security  taxes,  and,  in  this  study,  irrigation  demf.nd 
cliarges  and  district  assessments . 
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APPENDIX  TABLE  B-1 


Estiraated  Field  Irrigation  Efficiency  Under  Furrow  Irrit;ation  for 
Different  Application  Depths  by  Soil  Type  on 
Deep  Well-Drained  Soils 


Soil  type 

Desired  application  depth  in  inches 

a/ 

Under 
<2 

2 

2-1/2 

3 

3-1/2 

k 

1+-1/2 

5 

5-1/2 

6 

7 

8 

Fine  sandy 
loam 

1 

2 

3 

k 

5 

6 

7 

8 

9 

10 

11 

12 

percentages 

.35 

ko 

50 

55 

60 

63 

65 

65 

65 

65 

65 

Loam 

•  50 

55 

Go 

62 

fh 

65 

66 

67 

68  ' 

69 

70 

70 

Silt  loBJii 

.50 

55 

6o 

62 

6k 

65 

66 

67 

ai 

70 

70 

Clay  loam 

.50 

55 

58 

60 

63 

65 

65 

66 

67 

66 

t'3 

00 

Clay 

.60 

63 

65 

68 

65 

62 

6o 

60 

58 

56 

52 

a/  Assiimes  tail  water  system. 


Source:    Estimated  by  research  and  Agricultural  Extension  workers  in  irrigation 
problems  and  methods . 
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APPEiroiX  TABLE  B-2 


Irrigation  Water  Added  to  Soil,  Irrigation  Efficiency,  and  xotal  Seasonal  Applications 
■by  Soils,  Irrigation  Practices,  and  Crops,  ci-O-Acre  Farm 


Denletion  levels  for  availaole 

soil  moisture 

(1)      100  percent 

(2)  i 

30  percent 

(3)    80-100  percent 

(4)      60  percent 

Ci*op 

Water 
added 

Effi-  ^, 
ciency-^ 

Total 
water 

vjat  e  r 
added 

a/ 

ciency-^ 

Total 
water 

Water 
s.dded 

Effi-  ^ / 
ciency^' 

Total 
water 

Water 
added 

a/ 

ciency-^ 

Total 
water 

T 

J- 

2 

■3 

J 

k 

A 

7 
1 

 n  

Q 

1 0 

IP 

inches 

percent 

inches 

percent 

inches 

inches 

percent 

inches 

inches 

percent 

inches 

A.    CMno  clay  loam 

30-2 

w .  0 

'4-D.O 

34.0 

52.7 

33'5 

o<£.3 

53'7 

Cantaloups 

19 .4- 

03.5 

30.  D 

22.0 

35o 

Sugar  "beets 

61.8 

62.6 

40.2 

6^.5 

42.0 

62.6 

67.1 

Alfalfa  (estab.) 

o>  •  o 

63.2 

55.9 

Alfalfa 

51.5 

66.0 

78.0 

52.7 

66.0 

79.9 

52.8 

66.0 

80.0 

Field  corn 

2^-0 

6k. Q 

^5.6 

27.4 

62.3 

23.3 

6^.7 

Grain  sorghum 

PO  ij- 

W  •  '~r 

62.6 

"^2.5 

22.9 

61.6 

J  1  •  J 

25 .6 

61.9 

41.4 

Grain  sorghimi  (late) 

20.k 

62. 

22.9 

61.6 

■R -     TravpT  fine  <=iajidv  loajr 

Cotton 

29.1 

56.7 

51.3 

28.9 

51.5 

56.2 

29.2 

43.0 

67.9 

Cantaloups 

18.9 

48.9 

33. 7 

22.4 

47.1 

47.6 

Ik. 6 

1+7.8 

30.7 

14.6 

44.8 

32.5 

14.1 

47.1 

29.9 

Alfalfa  (estab.) 

30.7 

55.1 

55.8 

Alfalfa 

50.8 

64.2 

79.1 

52.6 

63.6 

82.7 

52.0 

64.2 

81.0 

Field  corn 

21^. 

PO.7 

43.0 

27.9 

53.1 

52.6 

24.2 

56.0 

43.1 

Grain  sorghum 

19.5 

49.5 

39.4 

23.0 

47.6 

48.3 

20.9 

48.0 

43.5 

Grain  sorghum  (late) 

19.5 

49.5 

39.^ 

23.0 

47.6 

48.3 

a/  Irrigation  efficiencies  are  seasonal  weighted  averages  of  individual  water  applications . 


APPENDIX  TABLE  C-1 


Calendar  of  Operations  and  Physical  Inputs  Per  Acre  640-Acre  Farm;  Cotton  on 
Chino  Clay^Loam  Irrigated  Under  100  Percent  Soil  Moistvire  Depletion  Practice 


Dates 

and  operations 

Crew  and  equipment 

Acres 
per  9-hr. 

Hours 

per  acre 

Men 

Power 

Equipment 

day 

Man 

Tractor 

Materials 

1 

2 

3 

k 

5 

6 

7 

PREPLAWT 

Dec. 
Jan. 

Peh. 

March 

Disc  (2X) 
Plow 

Landplane 
Chisel 
Disc 
List 

Head  ditch 
Preirrigate 
Fill  ditches 
Harrow,  roll 
Float 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

TL-7  (60Hp) 
W-2  f^SH-ol 

TL-7 

TL-7 

TL-7 
W-2 

TL-7 

TL-7 
TL-7 
TL-7 

18'  offset  disc 

t."  way   XuU JJLLuU8fcru,  ^"XD 

10'  X  kO'  landplane 
3  -  20"  shanks 
18'  offset 
k-R 

5k"  ditcher 
10'  scraper 

30'  spiketooth,  30'  roller 
12'  X  30' 

9 

30 
2h 
h% 

36 

300 
9 

k50 
90 
k5 

.40 
1.00 
.30 
.67 

.20 
.25 
.03 
1.00 
.02 
.10 
.20 

.40 
1.00 
.30 
.67 

.20 
.25 
.03 

.02 
.10 
.20 

CULTURAL 

April 

Plant 

2 

W-1  (25Hp) 

k-R  planter 

18 

1.00 

.50 

25  lbs.  seed 

May 
to 

August 

Cultivate 

Cultivate,  furrow 

Head  ditch 

Irrigate 

Fill  ditches 

Cultivate,  furrow  (2X) 

Head  ditch 

Irrigate 

Fill  ditches 

Ciiltivate,  furrow  (2X) 

Head  ditch 

Irrigate 

Fin  ditches 

Cultivate,  furrow  (2X) 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

W-2 
W-2 
TL-7 

TL-7 
W-2 
TL-7 

TL-7 
W-2 
TL-7 

TL-7 
W-2 

^-R.  cultivator 
k-R 

5k" 

10'  scraper 
k-R 

5k" 

10 '  scraper 

k-R 

5k" 

10 '  scraper 
k-R 

18 
18 
300 
9 

k50  ' 
18 
300 
9 

k50 
18 

300 
9 

450 
18 

.50 
.50 

.03 
1.00 

.02 
1.00 

.03 
1.00 

.02 
1.00 

.03 
1.00 

.02 
1.00 

.50 
.50 
.03 

.02 
1.00 
.03 

.02 
1.00 
.03 

.02 
1.00 

per  acre 

(Continued  on  next  page.; 


Appendix  Table  C-1  continued. 


Crew  and  equipment 

Acres 
per  9-hr. 

Hours 

x)ev  acre 

Dates  and  operations 

Men 

Power 

Eqiiiiament 

dav 

Man 

Tractor 

I'^ate  rials 

1 

2 

3 

k 

5 

b 

T 

1 

Head  ditch 
Irrigate  (^i-X) 

Fill  ditches 
Chop  (2X) 
Fertilize  (2X) 

Dust  (2X) 

1 
1 

1 

TL-7 
TL-T 

10'  scraper 

Contracted-?  4>15 .00  per  acre-^ 
ContractedS  $3 '50  per  acre 

Contracted^^  .Tj7'50  per  acre 

300 

9 

U50 

.03 

k.oo 

.02 

.03  ■ 
.02 

Total  water  for 

Irrigation 

=  3.90  acre -feet 

125  lb.  N  per 
acre 

1  gal.  25^-  DDT 
1-1/2  pint 
Systox 

HA-RVEST 

Oct . -Nov. Defoliate 

Pickup  (2X) 
Raul 

Dec.        Gut  stallcs 

2 
1 
1 

Pickup  1/2T 
W-1 

Contracted®  $2.50  per  acre 

^-R  S.P. 
6-bale  trailer 
2-R  cutter 

13 
18 
36 

l.i+O 
.50 
.25 

I.ko 

.25 

15  gal.  diesel, 
1  qt.  dinitro 

TOTAIS 

18.52 

9.52 

Equipment  service 
time  (3  1/9 
operating  hours) 

ADJUSTED  TOTALS 

1.06 

19.58 

9.52 

a/    Contract  rates  cover  only  services,  excluding  all  materials  costs. 


APPEIIDIX  TABLE  C-2 


Variable  Input  Expenses  Per  Acre  GkO-hcre  Farm; 
Cotton  According  to  Soils  and  Irrication  Practices^ 


Input  items 


FREIiAKVEST 


Power 


Wheel  tractor  (W-l-25Hp) 
Wheel  tractor  (W-2-35Hp) 
Tracklayer  tractor  (TL-7-6caip) 
TOTALS 

Transport 

Pickup  truck  (l/2  T) 

Machinery 

Plow  (2  way  2-l6" ) 
Chisel  (3-20"  shanks) 
Disc  harrow  (l8'  off sst ) 
Landplane  (10'  x  kO' ) 
Splketooth  harrow  ( 30' ) 
Roller  (30') 
Planter  (4-R) 
Cultivator  (4-R) 
Lister  (k-R) 
Ditcher  (5V') 
Scraper  (lO' ) 
Stalk  cutter  (4-R) 
Ploat  (12'  X  30' ) 
Lister  (4-R) 
Cultivator  (4-R) 
TOTALS 

Lahor 

Specialized 
General 
TOTALS 

Contracted 

Fertilize  -  materials 

-  application 
Duct  and  spray  -  materials 

-  application 
Chop  weeds  and  thin 
TOTALS 


Chlno  clay  loam 


100 

"  1 


80 


percent 


Traver  fine  sandy  loam 


60 


100 


1.6k 
k.31. 
3.82 
9.17 


2.itQ 


.50 
.17 

.21 
.12 
.01 
.Ok 
.10 
.20 
.20 
.02 
.01 
.06 
.03 
.02 
_.2Q_ 
1.89 


dollars,  except  as  noted 


86^ 


i.o4 
if.31 

9.17 


10.82 
ik.Sk 


25. K 


15.85 
3.50 

12.50 
7.50 

15.00 


2.1*8 


.50 

.17 
.21 
.12 
.01 

.04 
.10 
.20 
.20 
.02 
.01 
.06 
.03 
.02 


1.89 


10.82 
I6.1f2 


^.35 


"27. 2F 


15.85 
3.50 

12.50 
7.50 

I5i00^ 
"55:35 


i.ok 
k.31 
3.82 


9.17 


2.I18 


.50 

.17 

.21 
.12 
.01 
.Ok 
.10 
.20 
.20 
.02 

.ca 

.06 
.03 
.02 

1.89 


10.82 
17.10 


27.92 


15.85 
3.50 

12.50 
7.50 

15.00^ 
"55.I5 


1.6k 
4.31 
3.82 


9.17 


2.1*8 


.50 
.17 

.21 
.12 
.01 
.Ok 
.10 
.20 
.20 
.02 
.01 
.06 
.03 
.02 
._,2Q 

1.89 


10.82 

15^98 
26.86' 


14.95 
3.50 

12.50 
7.50 

15.00 

53:T^5 


1.04 
4.31 
J-32 


9.17 


2.48 


.50 
.17 
.21 

.12 
.00. 

.04 

.10 
.20 
.20 
.02 
.CO. 
.06 
.03 
.02 
„  ^20. 
1.89 


10.82 

17.45 
28.27" 


14.95 
3.50 

12.50 
7.50 

1^.00 

53.^5 


60 
6 


i.o4 
4.31 

9.17 


2.1*8 


.50 
.17 

.21 
.12 
.01 

.04 

.10 
.20 
.20 
.02 
.01 
.06 
.03 
.02 
.20 
1.89 


10.82 

20.95 
31.77 


14.95 
3.50 

12.50 
7.50 

15.00 

53.5r] 


(Continued  on  next  page.) 
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Appendix  Table  C-2  continued 


Chinq  cla^y  loam 

Traver  fine  sandy  lotun 

percent 

100 

An 

60 

100 

80 

DU 

1 

2 

3 

5 

6 

do! 

JLars,  except  as  noted 

'FRt'IIIARVEnT  ( continued^ 

Materials 

1 

Seed 

2.75 

2.75 

2.75 

2.75 

2.75 

2.  (5 

11.70 

13.18 

12.82 

li^.05 

14.31 

Labor  and  materials 

5. 00 

5.00 

5.00 

5.00 

5.Q0 

..  5- 00^ 

ERMIMVEST  TOTALS 

112.80 

lib. Od 

lib. 99 

11^1.36 

117.06 

Interest  on  oporatinR  capital 

3.60 

3.62 

J|-.00 

4.10 

 i*:.23„. 

All  prebarvcot  costs 

116.3^ 

119. DO 

120.61 

10.8. 3^ 

121.16" 

_  122_.P2_ 

H7\RVEST  (yield  in  500  lb,  bales) 

2.09 

2.24 

2.29 

1^0 

1.98 

1.99  ^ 

rnt.tnnr)i  okpr  (  P-R  ) 

7.te 

l.\2. 

7.te 

1X2. 

7.42 

7.42 

Pickup  truck  (l/2  t) 

.56 

.60 

.62 

.51 

.53 

.54 

Cotton  trailer  (6-bale) 

•  25 

.25 

.25 

.25 

.25 

.25 

Specialized  labor 

1.87 

1.87 

1.87 

1.87 

1.87 

1.87 

Contracted 

Defoliate  -  materials 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

-  apT)?-ication 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

Ginning  costs 

._._.Ji-35.. 

_  33 .60 

,.  ai^..35.  . 

28.50 

29.70 

29.85.. 

TOTALS 

3^.85 

39.10 

39.85 

3)^.00 

35.20 

35.35 

ALL  HARVEST  COSTS 

I)-9.2lt 

50.01 

)|J^.05 

i^5.27 

45.43 

Ali  VARIAJl.E  COSTS 

163.29 

168.90 

170.62 

162.  Jl2 

166.43 

170.  JiB 

a/  Irrigation  practices  identified  as  (l)  100,  (2)  80,  and  (4)  60  percent  levels  of 
available  soil  moisture  depletion,  respectively,  prior  to  irrigation. 
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APteNDEC  ^ABIE  C-3 


Variable  Input  Expenses  and  liet  Seturiii;  Per  Acre  6'+0-Aere  Farm; 
Cotton  Accordirig  tb  Soils  and  Irrigiation  Practices^ 


Cliino  elay  loam 

Traver  fine  sandy  loam 

Inputs  by 

percent 

major  group 

100 

80 

60 

100 

80 

60 

1 

2 

3 

h 

5 

6 

dollars,  Bxdept  as  noted 

PREHARVEST 

Power 

9. it 

'^.IT 

Q.17 

Q  17 

Q  17 

Transport  j 

2:kQ 

2.JlO 

2.  it  8 

2.1+8 

2.14^8 

2.W 

Machinery 

1.89 

1.89 

1.89 

1.8q 

1  Rq 

1  flq 

Labor 

27. 2H 

27.  Q2 

26.80 

p8  P7 

^1  77 

Contracted 

5*1.35 

^ -J*  'X 

Us 

Materials 

2.75 

?  7^ 

Water 

1 1  70 

J — L  •  (  \J 

-'-3.'+ J 

J-'+. 

Miscellaneous 

5.00 

5iOO 

5 .00 

5  .00 

s  on 

All  preharvest  cOata 

(including  ihtferest) 

116. 3*^ 

119.66 

120.61 

118.36 

121*16 

125.05 

HARVEST 

Power 

7.'t2 

7.'4-2 

7.1+2 

7.1+2 

7.1+2 

7.1+2 

Transport 

.56 

.60 

.62 

.51 

'53 

.51+ 

Machinery 

.25 

.25 

.25 

.25 

.25 

.25 

Labor 

1.87 

1.87 

1.87 

1»87 

1.87 

1.87 

Contracted 

36.85 

39.10 

39.85 

3I+.OO 

35.20 

35.35 

All  harvest  costs 

if6-.95 

t^9■.2i^ 

50 -.01 

1+1+.05 

1+5.27 

1+5.1+3 

All  variable  costs 

163.29 

168.90 

170.62  ' 

162  ■.14-2 

166.1+3 

170.1+8 

YieMs 

lyOh")  lbs. 

1,120  IbSk 

l,li+5  lbs. 

950  lbs. 

990  lbs. 

995  lbs. 

Price  per  poiind 

.33 

.33 

.33 

.33 

.33 

•  33 

Lint  sales  receipts 

3'+'^.85 

369.60 

377.85 

313.50 

326.70 

328.35 

Seed  sales  receipts 

38.1^2 

l^l.l7 

1^2.08  ^ 

3I+.76 

36.13 

36.59 

Total  gross  receipts 

303.27 

UIO.77 

1+19.93 

31+0 » 26 

362.83 

361+.  91+ 

Net  returns  over 

variable  costs 

219.98 

2iH.87 

21+9.31 

185  >  81+ 

196.1+0 

191+.1+6 

Net  returns  pltis 

water  costs  b/ 

231.68 

255.05 

262. 7I+ 

198.66 

210. 1|5 

208.77 

a/  Irrigation  practices  identified  as  (l)  100,  (2)  80,  and  (1+)  60  percent  levels  of  available 
soil  moisture  depletion,  respectively)  prior  to  irrigation. 


b/  Net  returns  under  a  zero  charge  for  water  variable  expenses. 


APPENDIX  TABLE  C-U- 


Variable  Input  Expenses  and  Ilet  Returns  per  Acre,  6^0-Aore  Farm;  Sunmary 
for  A.11  Crops,  According  to  Soil  and  Irrigation  Practices  &/ 


Crops  by  soil 
and  deT5letion 

-/ 

Cost  or  receipt  item  | 

Preharvest 
costs 

Harvest 
costs 

Total  variable 
costs 

Yields 

Price  per 
unit 

Gross 
receirjts 

Net 

ret'oms 

ITet  returns         ,  1 
plus  water  costs^'  | 

1 

2 

3 

li 

5 

 T-^^  

7 

d  1 

Alfalfa  hav 

Chino  clay  loam 

Tra^ver  fine  sandy  loam 

Alfalfa  Stand 
Chino  clay  loam 
Traver  fine  sandy  loam 

A-lfalfa  (comb,  l/h  stand 
and  3/k  hay) 
Chino  clay  loam 

Traver  fine  sandy  loam 


Barley 

Chino  clay  loam 
Traver  fine  sandy  loam 

Beans 


Chino  clay  loam 


Traver  fine  sandy  loam 


Cotton 


2/ 


Chino  clay  loam 


61.53 
62.53 
65.60 

65.79 
65.73 

56.ij-o 
58.90 


60.25 
61.00 
63.92 
6U.07 
61+. 03 


38.59 


1+8.68 
50.1+7 
1+9.71 
53.02 
5^.38 


116.31+ 
119.66 
120.61 


55.21 
57.37 
57.35 
59.06 
53.16 


31.23 


1+9. 22 
51.21 
51.15 
52.1+3 
51.75 


10.71 
10.26 


^0.59 
1+2.61+ 
1+1.1+2 
35.85 
36.91+ 


i+6.95 
1+9.21+ 
50.01 


dollars,  except  as  noted 


116.71+ 
120.1+0 
122.95 
I2I+.85 
123.89 

87.63 
91.1+3 


109.1+7 
112.21 
115.07 
116.50 
115.78 


1+9.30 
1+8.70 


89.27 
93.11 
91.13 

88.87 
91.32 


163.29 

168.90 
170.62 


(tons) 
8.09 
8.65 
8.51+ 
8.90 
8.71 

I+.U9 
4.75 


7.19 
7.61 

7.59 
7.86 
7.72 
( ctrt . ) 

31.1+0 
28.1+0 


19.12 
20.1+0 
19.61+ 
16.15 
16.83 

(lbs.) 

1,01+5 
1,120 
1.11+5 


25.57 
25.57 
25.57 
25.57 
25.57 

25.57 
25.57 


25.57 
25.57 
25.57 
25.57 
25.57 


2.16 
2.16 


3.53 
8.53 
8.53 
8.53 

8.53 


.33 

.33 
.33 


206.06 

221.13 
21S.37 
227.57 
222.71 

III+.8I 
121.1+6 


183.85 

I9I+.59 
I9I+.O8 
200.98 
197.1+0 


67.82 
61.31+ 


163.09 
I7I+.OI 
167.53 
137.76 
II+3.56 


383.27 
1+10.77 
1+19.93 


90.12 
100.78 

95.1+2 
102.72 

98.82 

27.  iS 
30.03 


71+.38 
82.38 
79.01 
81+.  1+8 
81.62 


16.52 
12.61+ 


73.82 
80.90 
76.1+0 
1+8.89 
52.2I+ 


219.98 
21+1,87 
2I+9 . 31 


109. 61+ 
120.71+ 
116.10 
122.1+9 
118.62 

11.16 
^3.97 


92.52 
100.81+ 
98.01 

102.79 
99.96 


2I+.02 
l8.lt 


79.50 
87.38 
82.51+ 
56.55 
60.61 


231.68 
255.05 
262.71+ 


(Continued  on  next  page.) 
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Cost  or  receipt  item 


Crops  by  soil 
and  depletion 

2/ 

Preharvest 
costs 

Harvest 
costs 

Total  variable 
costs 

Yields 

Price  per 
unit 

Gross 
receipts 

net 

retiims 

7^ 

Net  returns         ^ /  , 
plus  water  costs-'  ' 
8 

1 

2 

  3—  - 

5 

6  " 

dollars,  except  as  noted  ! 

Cotton  (continued) 

(lbs. ) 

Traver  fine  sandy  loam 

1 

118.36 

162.42 

950 

.33 

348.26 

185.84  ■ 

198.66 

2 

121.16 

1+5.27 

166.43 

990 

.33 

362.83 

196.40 

210.45 

k 

125.05 

45.43 

170.48 

995 

.33 

364.94 

194.46 

208.77 

Fieldcom 

(cwt. ) 

Cliino  clay  loam 

1 

60.81 

29.04 

89.85 

44.80 

2.52 

112.90 

23.05 

31.95 

2 

05.45 

r3r\  }i  r\ 

nc  Ac 

"^(^  no 

3 

61.79 

29.72 

91.51 

46.40 

2.52 

116.93 

25.42 

34.76 

Traver  fine  sands.'-  loam 

1 

65.17 

30.15 

95.32 

47.40 

2.52 

119.45 

24.13 

34.88 

2 

71.09 

31.00 

iaa..09 

49.40 

2.52 

124.49 

23.40 

36.54 

C  ant  aloup  s 

(crates) 

684.00 

211.78 

219.42 

Chlno  clay  loam 

1 

121.22 

351.00 

472.22 

180 

3.80 

2 

123.87 

374.40 

498.27 

192 

3.80 

729.60 

231.33 

240.16 

Traver  fine  sand^f  loam 

1 

JJio.  Dp 

333.^5 

40U.  J-U 

1  (X 

■3  An 

^liO  An 

1  Aq  7n 

1  QO  V7 

2 

131.63 

347.10 

478.73 

178 

3.80 

676.40 

197.67 

209.57 

I'lilo-double  crop 

(c\rt.) 

148.02 

Chino  clay  loam 

1 

12.96 

53.78 

44.80 

2.09 

93.63 

39.85 

i^3.3i^ 

13.60 

56.94 

48.00 

2.09 

100. 32 

43.38 

52.69 

Traver  fine  sandy  loam 

. 

1 

50.85 

13.43 

64.33 

47.40 

2.09 

99.07 

34.74 

44.59 

2 

55.81 

13.88 

49.40 

2.09 

103.25 

33.56 

45.64 

liilo-single  crop 

(crt. ) 

43.94 

Chlno  clay  loam 

1 

lw.86 

12.96 

57.82 

44.80 

2.09 

93.63 

35.81 

2 

i+6.32 

13.60 

59.92 

J48.00 

2.09 

100.32 

40. 4o 

49.64 

Traver  fine  sand^,-  loam 

1 

54.01 

13.^ 

67.49 

47.40 

2.09 

99.07 

31.58 

41.43 

2 

58.9S 

13.88 

72.86 

149. 4o 

2.09 

103.25 

30.39 

42.47  ■ 

3 

56.30 

13.68 

69.98 

48.40 

2.09 

101.16 

31^8 

42.06 

Sugar  beets 

(tons ) 

286.20 

118.67 

CtLino  clay  loam 

1 

127.01 

56.16 

183.17 

21.6 

13.25 

103.03 

c 

127. 52 

60.06 

187.58 

23.1 

13.25 

306.08 

118.50 

134.36 

a/  Irrigation  r>racticeE  identified  as  (l)  100,  (2)  80,  (3)  8O-IOO,  and  (4)  60  percent  levels  of  available  soil 
moisture  depletion,  respectively,  prior  to  irrioation. 


b/  Het  returns  under  a  zero  charge  for  ira-ter  expenses. 

c/  Gross  receipts  for  cotton  Includes  income  from  both  seed  and  lint  sales. 
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FOREWORD 


This  is  the  third  analytical  report  to  be  released  as  a  result  of  investi- 
gations \mder  California  Agricultural  Experiment  Station  Project  Niombers  l6Ul 
and  H-1863.    Titles  of  these  projects  indicate  their  objectives  and  subject 
matter;  Economics  of  Adjustments  on  California  Cotton  Farms ^  and  Effects  of 
On-Farm  Irrigation  Water  Supplies  and  Costs  on  Cropping  Systems  and  Production 
Adjustments .    The  latter-named  project  is  partially  supported  by  fvinds  allocated 
for  that  purpose  by  the  University  of  California  Water  Resources  Center.  It 
also  is  the  California  Agricultural  Experiment  Station  supporting  project  under 
Western  Regional  Project  Number  W-70,  Economics  of  On-Farm  Use  of  Irrigation  Water. 

Other  Experiment  Station  reports  under  the  general  series  title  for  these 
irrigation  investigations  include:    1.  Entejrprise  Choices,  Resource  Allocations, 
and  Earnings  on  6U0-Acre  General  Crop  Farms  in  the  San  Joaquin  Valley  Eastslde, 
2.  Farm  Size  in  Relation  to  Resource  Use,  Earnings,  and  Adjustments  on  the  San 
Joaquin  Valley  Easts ide,  and  k.  Subarea  Variations  in  Relations  to  Resource  Use, 
Earnings,  and  Adjustments  in  the  San  Joaquin  Valley  Cotton  Area.    Some  Characteris- 
tics of  Farm  Irrigation  Water  Supplies  in  the  San  Joaquin  Valley  also  has  appeared 
as  an  Experiment  Station  release,  as  have  various  articles  in  California  Agri- 
culture .    In  addition,  several  articles  in  technical  joirrnals  amplify  various 
aspects  of  these  investigations. 

We  are  indebted  to  many  agencies  and  individuals  without  whose  generous 
cooperation  neither  this  report  nor  others  in  the  series  would  have  been  possible. 
Among  these  we  can  list  only  a  few  of  those  upon  whom  we  relied  most  heavily. 
The  major  power  companies  serving  the  San  Joaquin  Valley,  Pacific  Gas  and  Electric, 
and  Southern  California  Edison,  authorized  us  to  use  well  test  data  previously 
released  to  the  United  States  Geological  Survey.    The  latter  agency  aided  greatly 
in  this  procedure  by  making  photostatic  copies  from  office  records.    The  California 
Regional  Water  Pollution  Control  Board  made  well  driller  reports  available  to  us 
(data  for  individual  reports  are  not  identified  in  order  to  keep  both  of  these 
sets  of  information  confidential).    The  California  Department  of  Water  Resources 
also  assisted  greatly  in  these  studies  by  making  maps,  reports,  and  other  infor- 
mation available,  as  did  the  United  States  Bureau  of  Reclamation.    The  California 
Irrigation  Districts  Association,  many  individual  irrigation  districts,  and 
various  manufacturers  and  distributors  of  irrigation  pumps  and  equipment  provided 
much  valuable  assistance  in  the  form  of  factual  data  and  interpretation.  We, 
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of  course,  drew  heavily  on  published  reports  and  releases  of  the  agencies  named 
here ,  plus  many  others . 

Among  the  many  individmls  to  whom  we  owe  appreciation,  we  wish  to  mention 
particularly  Messrs.  R.  S.  Ayers,  Wm.  Balch,  D.  E.  Butler,  J.  S.  Gorlinski, 
E.  J.  Griffith,  H.  H.  Holley,  G.  V.  Hufford,  J.  M.  Ingles,  F.  Munz,  B.  M.  Smith, 
H.  M.  Stafford,  S.  T.  Stairs,  L.  Stennett,  and  H.  D.  Wilson.    A  complete  list 
would  extend  to  a  much  greater  length;  we  stop  at  this  point  only  because  of 
space  limitations,  not  for  lack  of  awareness  or  appreciation  of  the  assistance 
generously  made  available  by  many  others. 
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SUMMARY 

This  report  presents  results  of  a  study  concerned  with  aggregate  irrigation 
water  demand  and  cotton  supply  response  for  farmers  operating  cotton- general 
crop  farms  on  the  San  Joaquin  Valley  Eastside.    Its  three  primeiry  objectives 
were  to  develop  quantitative  measures  of  aggregate  demand  for  irrigation  water, 
for  cotton  production  (supply)  response,  and  to  evaluate  the  usefulness  of  these 
measures  to  farmers  and  others  responsible  for  planning  resource  allocations  and. 
production  programs  in  the  study  area,  the  central  and  western  portions  of  Tulare 
County . 

•I 

Results  obtained  in  earlier  studies  of  five  modal  or  "typical"  farm  sizes, 
representing  the  bulk  of  the  commercial  family-operated  cotton-general  crop  farms 
in  the  study  area,  provide  most  of  the  data  used  here,  as  well  as  more  detailed 
information  appearing  in  other  reports  of  this  series .    These  studies  indicate 
clearly  that  increasing  variable  costs  and  varying  quantities  for  irrigation 
water  react  sharply,  and  stimulate  definite  adjustments  in  crop  choices  and  resource 
allocations,  on  each  of  the  five  farm  sizes  studied.    They  show  an  inverse  relation- 
ship between  water  costs  and  both  water  use  and  total  farm  net  returns -over- 
variable  expenses,  and  a  positive  relationship  between  quantities  of  irrigation 
water  available  and  farm  earnings.    Farmers  adjust  to  changes  in  water  cost  or 
quantity  by  varying  crop  choices,  and  resource  allocations,  their  specific  adjust- 
ments depending  upon  relative  net  returns  per  acre,  reflecting  the  interplay  of 
several  forces.    Important  among  these  latter  are  water  requirements  per  acre, 
other  input  requirements  and  costs,  yields,  and  product  prices  for  the  various 
alternative  crops.    Such  characteristics  for  the  individual  crops  reflect  physical 
and  biological  factors,  price-making  forces,  and  government  programs  and  regula- 
tions.   A  wide  range  of  other  economic  and  institutional  forces  also  may  be 
influential;  important  among  these  are  resource  availability  and  quality  and 
operators'  managerial  capacity.  | 

In  addition  to  the  quantitative  data,  per  se,  these  earlier  studies  estab- 
lished certain  specific  relationships  that  are  highly  important  in  conducting 
and  interpreting  the  results  of  aggregative  ajialysis.    Crop  adaptability  and 
performance  vary  considerably  as  between  the  Grade  I  and  the  Grade  II  soils,  the 
first  representing  70  and  the  second  30  percent  of  all  cultivated  land.  Cotton, 
the  dominant  crop,  outranks    all  other  alternatives  (except  certain  specialty 
crops  actually  grown  by  only  a  few  operators  in  the  study  area)  by  a  relatively 
wide  net  returns  per-acre  margin.    This  high-return  crop,  in  large  part  due  to 
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sales  prices  supported  by  government  programs  well  above  the  world  market,  shows 
a  net  return-above -veiriable  expenses  per  acre  at  decidedly  higher  variable  costs 
for  water  than  alfalfa,  the  next  ranlcing  general  crop  in  net  returns  and  total 
acreage.    Acreage  allotments,  a  part  of  the  government  price  support  program  for 
cotton,  restrict  the  acreage  for  this  fiber  crop  to  approximately  30  percent  of 
the  total  field  crop  acreage. 

Quantitative  analysis  in  this  study  centers  on  summing  water  demand  and 
cotton  production  response  data  from  the  five  farm  size  investigations  to  obtain 
aggregate  measures  for  all  cotton-general  crop  farms  in  the  study  area.  "Stepped" 
water  demand  and  cotton  production  schedules  for  8O-,  I6O-,  320-,  6hO-,  and  1, 280- 
acre  farms,  when  weighted  according  to  relative  numbers  in  195^>  yield  aggregate 
schedules  that  also  display  the  "stepped"  shape.    Steps  in  these  aggregate  curves 
show  both  more  regularity  and  smaller  changes  than  those  for  the  individual  farm 
sizes.    Smooth  ciirves  fitted  to  these  two  sets  of  aggregate  data,  are  the  basis 
for  calculating  elasticity  coefficients  for  each  of  them.    Estimates  for  total 
water  distributor  revenue  also  were  prepared  for  each  price -quantity  combination 
along  the  aggregate  demand  curve. 

One  interesting  feature  foiind  in  the  smoothed  aggregate  water  demand  curve 
is  the  "bench"  effect  at  about  the  $16.50  per  acre-foot  price  for  water.  In 
effect,  this  break  in  the  curve's  continuity  means  that  the  aggregate  data,  as 
do  those  for  the  individual  farm  sizes,  actually  describe  two  discrete  water  de- 
mand curves,  one  for  the  prices  from  zero  to  $16.50,  and  the  other  for  the  upper 
range  from  $16.50  to  $30.00  per  acre-foot.    The  explanation  lies  in  the  soil 
qualities,  the  relative  earnings  rajiks,  and  the  acreage  restrictions  for  cotton, 
and  for  certain  others  among  the  alternative  crops  (see  above). 

Demand  for  irrigation  water  appears  relatively  more  elastic  at  higher  price 
levels  than  at  the  lower  price  ranges,  according  to  this  analysis.    One  percent 
increase  in  water  price  resulted  in  O.702  percent  decrease  in  water  purchased  at 
the  mean  for  the  $l6.50  to  $30.00  price  range,  and  in  O.I88  percent  decrease  at 
the  mean  for  the  zero  to  $16.50  range.    The  elasticity  for  the  entire  range  of 
irrigation  water  prices  (zero  to  $30.00  per  acre-foot)  is  -O.65.    These  coeffi- 
cients, inasmuch  as  they  are  greater  than  -1.00  (the  coefficient  at  unit  elasticity) 
indicate  that  total  revenues  to  water  distributors  do  not  decline  as  water  prices 
rise  within  the  range  of  prices  studied. 

The  aggregate  cotton  response  analysis  indicates  that  Tulare  Coiinty  cotton 
production  ccuM  increase  sharply  if  government  price  supports  and  acreage 


-2- 


allotments  ended.    Such  wo\ild  occur  if  farmers  reacted  so  as  to  maximize  profits. 
First,  cotton  would  come  into  optimum  farming  programs,  defined  as  those  maxi- 
mizing total  farm  net  returns -over- variable  expenses,  at  l8  cents  per  pound  or 
slightly  more  for  all  farm  sizes.    Second,  the  supply  e3.asticity  for  cotton  under 
conditions  of  this  study  indicates  12.0  percent  increase  in  production  for  each 
one  percent  of  price  rise  between  18.0  and  21.5  cents  per  pound  of  lint,  declining 
to  only  0.30  percent  gain  in  output  for  each  one  percent  of  price  increase  between 
28.5  and  ^h.O  cents  per  pound  of  lint. 

Such  shifts  in  acreage  allocations  from  alternative  crops  to  cotton  as  wo\ild 
be  necessary  to  expand  cotton  production  at  the  magnitudes  suggested  above  certainly 
would  alter  the  relative  prices  for  these  crops,  particularly  alfalfa  hay,  as 
compared  with  cotton.    Other  changes  not  measured  in  this  study,  such  as  changes 
in  yields  for  cotton  and  other  crops  and  inter-enterprise  conflicts  also  probably 
would  arise.    Finally  projections  for  California  crops  by  other  researchers 
suggest  that  substantial  acreage  and  production  gains  may  occur  over  the  period 
from  i960  to  1975  for  fruits,  vegetables,  and  cotton,  even  if  price  supports  and 
acreage  allotments  for  the  latter  crop  continue. 

All  of  these  uncertainties  in  the  future  are  important  in  evaluating  the 
results  from  this  study.    It  was  conducted  within  a  short-term  framework,  with 
conditions  defined  in  terms  of  those  prevailing  during  the  period  from  I956 
through  i960.    Any  important  shifts  in  these  basic  conditions,  necessarily  will 
require  re-evaluation  of  the  findings  of  these  analyses  to  determine  the  extent 
that  they  apply  to  the  new  set  of  conditions . 
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ECONOMICS  OF  OW-FARM  IRRIGATION  WATER  AVAILABILITY  AND  COSTS  AMD 

RELATED  FARl^i  ADJUSTMENTS 

3.    Some  Aggregate  Aspects  of  Farmer  Demand  for  Irrigation  V7ater 
and  Production  Response  in  the  San  Joaquin  Valley  Eastside 


by 


Charles  V.  Moore  and  Trimble  R.  Hedges^ 

THIS  STUDY  COlyiPLEMENTS  AND  EXTENDS  RESULTS  FROM  INDIVIDUAL  FARM 

SIZE  INVESTIGATIONS  2/ 

In  this  report  we  undertake  to  identify  and  determine  at  least  tentative 
answers  to  certain  critical  problems  concerning  the  economics  of  irrigation 
water  availability  and  cost,  and  related  water  demand  and  cotton  production 
response  for  commercial  cotton-general  crop  family  farms.    The  defined  study 
area  located  in  Tulare  County  on  the  San  Joaquin  Valley  Eastside  also  includes 
an  important  citrus,  deciduous,  and  vine  fruit  growing  subarea,  as  well  as  the 
cotton-general  crop  farms  investigated  in  this  study  (see  Figure  l).  This 
circumstance,  however,  presents  no  serioiis  problems  in  this  analysis,  because 
geographic  locations  and  soil  bodies  differ  as  between  the  cotton-general  crop 
and  fruit  farms.    Fruit  farms,  for  the  most  part,  occupy  the  sandy  loam  soils 
lying  to  the  north,  east  and  south  of  the  alluvial  irrigated  portions  in  Tulare 
County.    Cotton-general  crop  operations  lie  to  the  west  of  these  predominantly 


1/  Charles  V.  Moore  is  Agricultural  Economist,  Agricultural  Adjustments  Branch, 
Farm  Economics  Division,  Economic  Research  Service,  U.S.D.A.,  Davis,  California. 
He  formerly  was  Assistant  Agricultural  Economist  in  the  Experiment  Station  and  on 
the  Giannini  Foundation,  University  of  California,  Davis,  California.    Trimble  R. 
Hedges  is  Professor  of  Agricultural  Economics  and  Agricultural  Economist  in  the 
Experiment  Station  and  on  the  Giannini  Foundation,  University  of  California  Davis 
California.  ' 

2/  These  investigations  are  authorized  under  Experiment  Station  Projects  1641 
and  H-1863.    The  latter  is  a  contributing  project  to  \J-1[0.    See  Hedges,  Trimble  R., 
and  Charles  V.  Moore,  Economics  of  On-Farm  Irrigation  V/ater  Availability  and  Costs! 
and  Related  Farm  Adjustments  1.  Enterprise  Choices,  Resource  Allocations,  and  ' 
Earnings  on  6to-acre  General  Crop  Farms  in  the  San  Joaquin  Valley  Eastside,  Cali- 
fornia  Agricultural  Experiment  Station,  Giannini  Foundation  Research  Report' No.  257, 

I962J  Moore  and  Hedges;  2.  Farm  Size  in  Relation  to  Resource  Use, 

Earnings,  and  Adjustments  ou  the  San  Joaquin  Valley  Eastside.     California  Agricul - 
tural  Experiment  Station, Giannini  Foundation  Research  Report,  I'Jb'j,;  Moore  and 
H^^Ses,  Some  Characteristics  of  Farm  Irrigation  Water  Supplies  ia  the  San  Joaquin 
Valley,  California  Agricultural  Experiment  Station,  Giannini  Foundation  Research 
Report  No.  258,  I962. 
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Figure  1 


fruit-producing  localities;  this  study,  therefore,  focuses  primarily  on  this 
latter,  more  westerly,  portion  of  Tulare  County  (see  Figure  l). 

The  present  report  is  one  in  a  series  based  on  an  analysis  of  on-farm 
irrigation  water  economics  in  the  San  Joaquin  Valley  cotton -growing  area.^ 
This  report  differs  from  others  in  the  series  in  that  it  deals  specifically  with 
over-all  area,  or  aggregate  (macro)  aspects  of  irrigation  water  cost  and  use, 
whereas  the  others  considered  individual  firm  (micro)  aspects.    These  analyses 
and  findings,  however,  as  is  true  for  other  reports  growing  out  of  these  investi- 
gations, reflect  the  characteristics,  relationships,  and  economic  performance  of 
individual  farms  in  the  study  area.    Our  concern  here,  nevertheless,  is  with  over- 
all or  aggregate  problems,  those  reflecting  conditions,  relationships,  and  economic 
performance  for  the  summation  of  all  such  individual  farm  firms. 

Certain  questions  are  central  in  this  analysis:    How  do  variations  in  irri- 
gation water  costs  affect  quantities  used?;  What  factors  govern  the  rates  of 
changes  in  price  and  quantities  taken  for  irrigation  water  (elasticity  of  demand) 
at  various  price  levels?    How  do  variations  in  the  selling  price  for  cotton  lint 
affect  cotton  production  response  and  total  quantities  produced?;  How  do  gross 
receipts  for  cotton  affect  farmer  ability  to  pay  for  irrigation  water?    What  are 
the  opportunities  for  increased  earnings  and  purchasing  power  due  to  crops  other 
than  cotton?    In  addition  we  explore  tentatively  in  this  study  the  over-all 
question  of  the  relationship  between  water  pricing  and  total  revenue  to  distribu- 
ting agencies. 

The  results  from  this  study  are  important  to  three  groups:     farmers,  other 
firms  and  agencies  whose  operations  and  financial  success  are  closely  identified 
with  those  of  farmers,  and  both  public  agencies  and  private  firms  responsible 
for  developing  and  distributing  irrigation  water.    Still  further,  the  general 
public  has  a  stake  in  this  over-all  question  of  water  development  and  distri- 
bution in  view  of  present  resoxxrce  and  production  conditions,  price  and  cost 
.  relationships,  and  social,  political,  and  economic  forces  involved  in  such 
development  and  distribution. 

Questions  specified  above  also  were  important  in  the  earlier  reports  con- 
cerned with  individual  farm  performance.    But  the  results  obtained,  although 
important  in  themselves  and  basic  to  the  analyses  underlying  the  present  report, 
focused  primarily  on  problems  facing  operators  of  individual  farm  firms  of  varying 

1/   Loc.  cit. 
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sizes.    They  stopped  somewhat  short  of  the  specific  information  and  research 
results  needed  to  deal  with  problems  of  aggregate  water  use,  and  to  provide  a 
basis  for  decisions  in  developing  and  distributing  water,  peirticularly  for  making 
additional  supplies  available.    It  is  for  these  reasons  that  the  research  reported 
in  these  pages  was  conducted. 

This  Study  Has  Three  Primary  Objectives 

Analyses  reported  here  had  three  general  objectives:    First,  to  develop 
quantitative  measiares  of  the  aggregate  demand  for  irrigation  water  by  operators 
on  cotton-general  crop  farms  in  Tulare  County;  second,  to  prepare  quantitative 
estimates  of  cotton  production  response  to  varying  lint  prices  (a  supply  produc- 
tion response  curve)  on  these  same  farms;  third,  to  evaluate  the  application  and 
usefulness  of  the  first  two  kinds  of  information  to  decision  makers  responsible 
for  allocating  farm  resoiirces  and  pleinning  production  in  the  study  area.  Specific 
questions  that  must  be  answered  to  attain  these  three  over-all  objectives  underlie 
the  procedures  used. 

1.  What  quantities  of  irrigation  water  will  maximize  farm  net  returns 
as  water  variable  costs  increase  (in  this  analysis,  from  zero  to 
$30  per  acre-foot)  for  individual  farms?  I 

2.  What  quantities  of  cotton  lint  should  farmers  produce  to  maximize 
net  farm  returns  as  the  price  of  lint  increases  (here,  from  zero  to  . 
$.U0  per  pound)?  I 

3.  What  changes  in  price-quantity  relationships,  both  for  water  demand 
and  cotton  supply  response,  occur  as  farm  sizes  vary?  I 

it-.  How  do  area  variations  in  soils,  cropping  systems,  farm  size,  and 
relative  per-acre  net  retvirns  among  alternative  crops  affect  both 
irrigation  water  demand  and  cotton  supply  response? 

Assumptions  and  Procedures  in  this  Study  Related  Closely  to 
Studies  of  Individual  Farm  Sizes 

The  basic  approach  in  this  study  consisted,  essentially,  of  four  steps: 
(a)  assembling  empirical  results  from  earlier  studies  concerned  with  irrigation 
on  individual  farm  sizes  rajnging  from  80    to  1,280  acres,  (b)  combining  these 
data  for  five  farm  sizes  weighted  according  to  relative  niombers  of  each  size 
in  all  Tulare  County  cotton-general  crop  commercial  farms,  in  order  to  obtain 
aggregate  water  demand,  and  cotton  supply  response  curves,  (c)  examining  and 
interpreting  the  resulting  aggregate  curves  according  to  established  and 
accepted  economic  theory,  and  (d)  evaluating  the  findings  in  light  of  dominaait 
resoiirce,  economic,  and  institutional  conditions  in  the  study  area,  as  well 


as  relative  to  available  projections  for  future  developments  in  farm  product 
demand  and  production  applicable  to  the  study  area. 

Results  from  the  earlier  studies  represented  the  raw  data  for  most  of  this 
analysis;  the  assumptions  underlying  this  earlier  work,  therefore,  are  important 
to  the  present  analysis.    These  were  as  follows: 

1.  All  farmers  operating  farms  of  a  particular  size  and  with  coraraon 
characteristics  will  react  similarly  and  in  the  same  degree  to 
changes  in  production  input  costs,  or  to  farm  product  prices. 

2.  Each  farm  operator  on  the  "typical"  farming  units  has  as  his 
primary  objective  to  maximize  net  farm  returns,  subject  to  the 
restraints  imposed  by  physical,  economic,  and  institutional 
forces . 

3.  All  farmers  have  full  knowledge  of  all  technical,  price,  and 
institutional  phenomena  affecting  their  operations. 

The  first  of  these  assumptions  is  the  basis  for  constructing  a  modal  or 
"typical"  farm,  rather  than  undertalcing  to  consider  the  many  variations  in  age, 
tenure  arrangements,  capital  availability,  and  personal  preferences  existing 
among  individual  operators.    Only  if  all  such  operators  are  striving  for  maximum 
net  returns  will  they  necessarily  react  similarly  to  a  change  that  indicates 
specific  action  required  to  assure  obtaining  such  earnings  levels.    The  third 
assiamption,  concerning  complete  and  accurate  knowledge,  also  is  necessary  if 
farmers  are  to  react  similarly  to  the  same  change  in  conditions. 

Certain  other  assumptions  are  inherent  in  the  linear  programming  method,  the 
basic  procedural  tool  used  in  this  analysis.    Of  these,  the  most  important  is 
linearity — the  characteristic  of  constant  relationship  between  two  or  more 
variables  at  all  combination  levels.    This  assumption  implies,  that  within  a 
particular  farm  size  analyzed  by  linear  programming  such  characteristics  as 
yields,  resource  inputs,  costs,  and  enterprise  relationships  are  unvarying  for 
all  acreage  levels  of  each  activity  for  each  crop.-i/  Secondly,  the  linear  pro- 
gramming model  used  in  this  study  maices  no  allowance  for  the  uncertainty  and 
risks  involved  in  production  planning,  price  fluctuations,  and  technical  condi- 
tions that  the  farmer  faces.    V/e  assume  that  the  farmer  has  complete  knowledge 
of  these  factors  prior  to  planting  the  crops.    Finally,  the  supply  and  demand 

l/    See  Heady,  Earl  0.,  and  W.  Candler,  Linear  Programming  Methods,  Iowa 
State  University  Press,  Ames,  for  a  complete  discussion.    See  also.  Hedges 
and  Moore,  op .  cit . ,  for  a  discussion  of  linear  programming  use  and  a  sample 
computational  table  for  these  studies. 
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relationships  presented  in  this  report  are  both  static  and  normative  in  nature. 
They  are  static  in  that  they  do  not  Include  the  time  factor,  or  show  the  path 
by  which  farmers  adjust  from  one  situation  to  another.    The  results  are  norma- 
tive, showing  what  farmers  should  do  and  how  they  should  react  to  maximize 
income,  and  not  what  they  have  actually  done  when  faced  with  these  situations. 
The  reader  is  cautioned  to  keep  these  assumptions  in  mind  when  interpreting  the 
results  of  this  study. 

IRRIGATION  IS  ESSENTIAL;  COTTON  DOMINATES  GENERAL  CROP  FARMS  IN  THE  STUDY  AREA 

Results  of  This  Study  Apply  Primarily  to  Western  Tulare  County  | 

Analyses  reported  here,  as  in  others  of  the  San  Joaquin  cotton-general  crop 
series,  relate  specifically  to  operations  in  which  cotton  represents  the  dominant 
source  of  gross  receipts  and  net  returns.    Since  the  major  objectives  of  this  study 
center  on  aggregate  measures,  it  is  important  to  identify  the  geographic  area 
which  these  measures  are  to  represent.    This  area  includes  all  of  the  alluvial 
irrigated  land  in  Tulare  Coxinty  of  Storie  Grades  I  and  II,  except  for  that  on 
which  tree  or  vine  fruits  represent  the  principal  income  soiirce.    The  latter  types 
of  production  concentrate  in  the  northeasterly  (Cutler  and  Dinuba),  easterly 
(Exeter,  Farmersville,  Lindsay,  Porterville,  Strathmore,  and  Woodlake),  and 
southerly  (Earlimart,  Ducor,  and  Richgrove)  localities.    They  occupy  primarily 
Foster,  Greenfield,  and  Traver  fine  sandy  loam,  and  Exeter  loam  soils,  although 
citrus  during  recent  years  has  moved  onto  some  of  the  heavier  soils  in  the  thermal 
belt  at  the  eastern  extreme  of  the  fruit  area. 

Farmers  Produce  Most  Irrigated  Crops  on  Grade  I  or  II  Soil 

A  soil  survey  report  with  boundaries  exactly  congruent  with  those  for  the 
study  area  is  not  available.    A  summary  based  on  the  Visalia  and  Hanford  survey 
reports,  however,  provides  a  reasonable  approximation  of  soil  distribution  by 
quality  in  the  study  area.    Grade  I  soils,  according  to  the  Storie  index,  repre- 
sent 37  percent  of  all  soils  in  these  two  survey  areas,  with  Grades  II  and  III 
accounting  for  additional  22  ajid  8  percents,  respectively  (see  Table  l).  But 
fanners  apply  most  irrigation  water  to  crops  grown  on  Grades  I  and  II  soils; 
Grades  IV,  V,  and  VI  soils  representing  3^  percent  of  all  soil  in  the  Hanford 
and  Visalia  surveys  do  not  lend  themselves  to  producing  cotton  or  other  cash 
crops  profitably.    Considering  only  Grades  I  and  II  soils,  the  first  accounted 
for  approximately  2/3  of  the  total  for  Hanford  and  Visalia  soil  siirvey  reports. 
The  proportion  reported  to  enumerators  by  farmers  interviewed  in  obtaining  data 
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Table  1 


Soils  by  Survey  Areas  and  Grades 
Hanford-Visalia  Soil  Area 


I 

H 
O 
I 


Soil  classification 


grade 


II 


III 


index 


90  -  100 
80  -  89 
Subtotal 


Hanford 


Soil  survey  areas 


acres 


81, 260 
81, 260 


Percent  of  area  total 


70  -  79 
60  -  69 
Subtotal 


6,75^^ 
33, 7^8 
ho, 502 


Percent  of  area  total 

50  -  59 
ko  -  k9 
Subtotal 


Percent  of 


IV 

20  - 

39 

V 

10  - 

19 

VI 

0  - 

10 

Subtotal 
Percent  of 


area  total 

Q,  768 

2,  2U0 
16,  i^78 

area  total 


Total 


138, 240 


percent 
of  total 


58.8 
58.8 


^•9 
2k.k 

29.3 


h.O 

6.3 

1.6 
11.9 


100.0 


Vis all c 


acres 


108,  736 
62,845 
171, 584 


^3, 776 
64, 192 
107, 968 


33,984 
17, 152 
51,136 


102, 464 

28, 606 

82, 240 
213, 312 


544, 000 


percent 
of  total 


20.0 
11.6 
31.6 


8.0 
11.8 

19.8 


6.2 
3-2 
q.4 


16.8 


5.3 


15 
39 


,1 

,2 


100.0 


Total 


acres 


7 


108,736 
144, 108 
252, 844 


50, 530 

97,940 
148, 470 


33,984 
17, 152 
51, 136 


107,93^ 

37, 376 

84, 480 
229, 790 


682, 240 


percent 

by  grades 




43.0 
57.0 
100.0 

37.1 

34.0 
66.0 
100.0 

21.8 

66.5 

33.5 
100.0 

7.5 
47.0 
16.3 

36.7 
100.0 

.33.6 


100.0 


Source:     Caton,  Douglas  D.,  Trimble  R.  Hedges,  E.nd  IMeill  17.  Schaller,  Irvouts  _Eiid  Costs  for  Producing 

^^^u*^  California  /^r.  Exp.  Sta.  Gis.nnini  Itomidation  of  Agr.  Scon.,  I-IimicT "Rerr.",~!T^)7W^^^^ — 

1953.    (Data  from  Soil  Survey  of  the  Hanford  and  Visalia  Areas,  U.  S.  Bureaus  of  Soils  and 
Plant  Industry.) 


for  these  studies  actually  v/as  a  little  higher- -they  indicated  that  approximately 
70  percent  of  their  land  is  in  the  Grade  I  category,  with  the  balance  Grade  II. 
This  proportion  is  the  one  assumed  for  all  five  farm  sizes  used  in  this  study. 


EARLIER  STUDIES  PROVIDE  THE  BASIC  DATA  FOR  THIS  ANALYSIS 

Previous  Work  Established  the  Basic  Economic  Relationships 
for  Irrigated  Farming  on  Five  Farm  Sizes  That 
Include  Most  Fa-rms  in  the  Study  Area 

Detailed  results,  as  reported  in  the  second  major  release  in  this  series, 
constitute  the  primary  data  used  in  this  analyses.    This  previous  study  involves 
five  farm  sizes,  collectively  accounting  for  the  majority  of  cotton-general  crop 
farms  in  the  San  Joaquin  Valley  Eastside  as  represented  by  the  segment  of  Tulare 
County  used  as  a  study  area  (see  Figure  l) This  study  used  linear  programming 
analysis  to  determine  how  (a)  changes  in  water  cost,  and  (b)  changes  in  quantities 
of  water  available  affect  quantities  of  water  used,  crop  choices  and  resource 
allocations,  net  returns -over -variable  expenses,  and  farm  profits  on  five  farm 
sizes  (80,  160,  320,  6^0,  and  1,280  acres).    This  study  also  undertook  to  estimate 
the  cotton  lint  production  response  to  varying  prices  in  the  absence  of  federal 
price  support  and  acreage  allotments.    The  primary  results  of  this  earlier  study 
are  as  follows:  | 

1.  Data  for  these  five  farm  sizes,  including  dominant  characteristics, 
production  and  resource  patterns,  technology  and  production  methods, 
and  input-output  ratios,  are  carefully  specified  according  to  modal 
tendencies  for  these  data  on  farms  in  the  study  area.    Thus  the 
analytical  models  represent  all  commercial  cotton -general  crop  farm 
operating  units  in  the  Tulare  County  Eastside  during  the  period  I956- 
1960  as  accurately  as  possible. 

2.  Linear  programming  and  budget  analysis  yielded  a  series  of  optimum 
solutions  for  each  of  three  groups  of  alternative  crops  (cropping 
systems  A,  B,  and  C)  for  each  size  group  under  a  specified  set  of 
conditions  and  assumptions,  and  as,  first,  water  variable  cost  and, 
second,  water  quantities  vary  within  specified  ranges. 

3.  This  study,  concerned  primarily  with  the  economics  of  on-farm  irriga- 
tion, evaluated  three  priraary  irrigation  treatments,  identified  according 
to  the  percentage  of  depletion  for  available  soil  moisture  when  re-irri- 
gation occurs.    A  fourth  treatment  is  considered  in  certain  instances. 

h.    Linear  programming  solutions  obtained  in  the  study  represents  a  series 
of  optima  considering  soil,  grades,  water  availability,  institutional 


1/    Moore  and  Hedges,  ojp^  cit  2.    Farm  Size  in  Relation 

to  Resource  Use,  Earnings,  axid  Adjustments. 


-11- 


restrictions,  and  other  restraints,  all  three  (in  some  instances 
four)  irrigation  treatments,  and  the  specified  range  first  of 
prices,  and  second  of  quantities  for  water.    This  same  statement 
holds  for  optimum  levels  of  cotton  lint  production  within  the  same 
framework  of  conditions  and  assumptions,  with  price  supports  and 
acreage  allotments  assumed  away. 

5.  Cotton  provides  the  highest  net  returns -over-variable  expenses 
per  acre  on  Grade  I  soil  for  all  farm  sizes  except  the  80-acre 
model,  for  which  cantaloups  rank  first  and  second,  considering 
the  several  irrigation  treatments  \ised.    Cantaloups  outrank 
cotton  (or  first  place)  on  all  farm  sizes  with  Grade  II  soil. 
Sugar  beets  and  alfalfa  hay  rank  in  a  middle  position  according 
to  descending  levels  of  net  returns  per  acre,  with  grain  crops 
at  the  lowest  levels,  l/ 

6.  Total  annual  fixed  costs  average  about  $100.00  per  acre  for  farms 
in  each  size  group.    This  figure,  critical  in  establishing  the 
brealc-even  level  of  net  retijrns -over-variable  expenses  for  the 
entire  farm,  includes  irrigation  fixed  cost  (demand  charges  and 
overhead  on  facilities,  plus  acreage  assessment  for  surface  water). 
Total  fixed  costs  do  not  include  any  allowance  for  returns  to  the 
operator  for  supervision,  management,  or  risking  his  capital. 

7.  Farmers  on  all  farm  sizes  should  obtain  maximum  total  net  returns- 
over-variable  expenses  at  zero  outlays  for  water  variable  expenses. 
Quantities  used,  and  the  magnitude  of  total  net  retiirns  drop 
progressively  as  water  prices  increase;  break-even  levels  for  total 
farm  net  retiorns -over-variable  expenses  (the  amomts  equal  to  total 
farm  fixed  cost)  occur  at  $11.50  per  acre-foot  for  the  l,280-acre 
model  and  at  $3.50  per  acre-foot  for  the  80-acre  unit,  both  farm 
sizes  including  only  cotton,  blackeye  beans,  and  feed  crops  as 
alternatives  (System  C).    Similar  relationships  appear  for  farms 
with  a  wider  range  of  alternative  crops;  thus.  System  A,  including 
cantaloups  as  a  representative  specialty  crop  plus  sugar  beets, 
shows  comparable  break-even  irrigation  water  costs  at  $17.00  and 
$7.50  respectively  per  acre-foot. 

8.  With  water  variable  costs  constant,  total  farm  net  returns -over- 
variable  expenses  increase  consistently  as  added  quantities  of 
water  become  available. 

9.  Many  shifts  occur  in  crop  choices,  relative  acreages  allocated  to 
individual  crops,  and  in  irrigation  treatments  used  as  water  costs 
rise  or  as  irrigation  water  quantities  increase  at  constant  product 
price  ratios.    Marginal  value  products  are  relatively  high  for  the 
initial  additions  but  diminish  steadily  with  later  increments.  The 
well-informed  farmer  should  follow  a  reasonably  consistent  sequence 
of  adjustments  to  maintain  optimum  earnings  under  conditions  of 
varying  water  prices  or  quantities:     first,  he  should  reduce  irri- 
gation water  requirements  by  shifting  to  drier  treatment  for  the 
crops  included  in  his  program;  next  step  is  to  shift  land  out  of 

1/    See  Appendix  Table  1. 
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relatively  high  water-use  crops  and  into  those  with  lower  water 
duty;  third,  at  still  higher  water  prices,  he  will  find  it  nec- 
essary to  retire  lower  quality  land  from  use  and  leave  it  idle. 
Fourth,  at  still  higher  prices  some  of  the  better  land  will  have 
to  be  idled;  fifth,  as  water  costs  continue  to  rise  the  farmer  may 
be  forced  out  of  business  because  not  even  the  most  profitable 
crop  on  his  best  land  will  return  net  revenue  to  cover  all  variable 
expenses . 

I 

10.  This  earlier  study  provides  definite  evidence  of  the  advantages 
that  farm  operators  obtain  by  increasing  farm  size.    Thus,  farmers 
on  6kO-  and  l,280-acre  farms  who  are  well-informed  and  capable  of 
malting  sound  decisions  can  operate  at  decidedly  lower  average  total 
production  cost  per  unit,  and  can  obtain  markedly  higher  total  farm 
profits  than  is  possible  for  operators  on  the  three  smaller  farm 
sizes  included  in  the  study.    Farmers  are  able  to  obtain  the  greater 
part  of  these  scale  advantages,  however,  in  adjusting  from  the  three 
smaller  farm  sizes  to  the  6hO-,  or  the  l,280-acre  farms. 

11.  Cotton,  as  the  primary  crop  in  the  study  area  in  terms  of  net  returns 
per  acre  and  stability  of  selling  prices  dominates  resource  use  and 
revenues.    It  is  the  strongest  claimant  for  limited  quantities  of 
irrigation  water  and,  in  the  absence  of  price-support  acreage  controls, 
farmers  would  find  it  to  their  advantage  greatly  to  expand  from  I956- 
1960  levels  of  cotton  acreage  and  production.    Available  evidence 
indicates  that  faxmers  woiild  increase  cotton  lint  production  to  about 
double  current  levels  if  price  supports  and  acreage  allotments  were 
removed,  assuming  that  cotton  prices  would  be  in  the  range  of  twenty- 
five  to  thirty  cents  per  pound  of  lint. 

I 

12.  Specialty  crops  increase  farm  earnings  and  strengthen  farmer  ability 
to  purchase  irrigation  water  on  those  operating  units  where  satis- 
factory production  and  marketing  opportunities  exist.  Substantial 
improvement  in  farmers'  capability  for  irrigation  water  purchases, 
and  in  the  total  farm  earnings  likely  would  accompany  any  important 
expansion  and  broadening  in  the  opportunities  for  operators  in  the 
San  Joaquin  Valley  Eastside  to  expand  production  of  higli-returns 
specialty  crops. 

Alternative  Crops  Vary  Widely  in  Net  Returns  Per  Acre 

Physical  input  requirements  and  total  variable  expenses  per  acre  vary  widely 
among  alternative  crops  in  the  San  Joaquin  Valley  Eastside.    This  is  true  for 
any  particular  soil  type;  it  becomes  markedly  more  evident  in  making  comparisons 
among  different  soils,  and  according  to  varying  irrigation  treatments.  Thus 
cotton  requires  ^7  acre  inches  of  water  on  Chino  clay  loam  and  5I  inches  on 
Traver  fine  sandy  loam,  under  the  driest  treatment  in  which  irrigation  water  is 
applied  when  available  soil  moisture  is  100  percent  depleted. Again,  within 
the  Traver  fine  sandy  loajn,  and  still  considering  the  driest  treatment,  alfalfa 
requires  6h  inches,  and  dry  edible  beans  hQ,  as  compared  with  the  57  acre-inches 


1/    See  Appendix  Table  h. 
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for  cotton.    Similar  variations  exist  among  crops,  soils,  and  technologies  for 
other  necessary  inputs.    The  result  is  that  crops  differ  markedly  in  total 
variable  input  costs  per  acre.    Farm  size  also  reacts  upon  these  variations; 
variable  expenses  per  acre  tend  to  be  higher  on  the  small-sized  farms,  and  to 
decrease  as  scale  expands  with  most  of  the  cost  gains  occurring  in  size  increase 
from  80  to  approximately  6^+0  acres On  the  other  side  of  the  account,  yield 
variations  accompany  differences  in  soils,  irrigation  practices,  and  technology. 
Net  returns -over-variable  expenses  per  acre  for  the  individual  crops,  reflecting 
both  variable  expenses  and  gross  receipts,  vary  widely  among  crops,  soils,  irri- 
gation treatments,  and  other  critical  factors  suggested  here. 

Net  returns -over-variable  expenses  per  acre  for  individual  crops  become 
highly  critical  in  this  decision  context.    The  relative  ranking  of  these  crops, 
and  therefore  the  optimxmi  choices  and  resource  allocations,  will  shift  consid- 
erably as  variable  costs  for,  or  quantities  of    water  available,  change.  Much 
of  the  adjustment  process  that  farmers  must  apply,  therefore,  as  water  costs  and 
quantity  vary  hinges  on  changing  crop  choices  and  resoiorce  allocation. 

This  analysis  includes  one  group  of  alternative  crops  in  which  a  specialty 
crop,  cantaloups,  ranks  in  the  same  net  returns  bracket  as  cotton,  although 
operators  on  relatively  few  of  the  cotton-general  crop  farms  in  the  study  area 
are  in  a  position  to  produce  this  specialty  crop.    Cotton  ranks  first  among  the 
alternative  crops  on  Grade  I  soil  for  this  cropping  system  (A),  with  two  of  the 
top  three  places  according  to  net  returns  per  acre,  for  all  five  groups  except 
the  80-acre  unit.    Cantaloups  included  in  the  analysis  to  represent  the  specialty 
crop  group,  outrank  cotton  on  the  80-acre  unit  for  the  Grade  I  soil  and  hold  two 
of  the  top  three  places  for  all  farm  sizes  on  the  Grade  II  soil.    A  markedly  wide 
gap  exists  between  the  level  of  net  retiirns -over-variable  expenses  for  cotton  or 
cantaloups  on  the  one  hand,  and  alfalfa  hay  or  sugar  beets  occupying  the  middle 
position  for  all  farm  sizes  on  both  soil  grades.    Feed  grains,  however,  rank  at 
the  lowest  end  of  the  scale  according  to  net  retiirns  per  acre  for  all  faxm  sizes 
and  both  soil  grades .    This  pattern  followed  by  the  several  crops  in  the  distri- 
bution according  to  net  returns -over-variable  expenses  has  important  implications 
for  aggregate  demand  analysis  appearing  in  the  following  major  section. 


1/    Moore  and  Hedges,  op.  cit.; 


2.  Farm  Size  in  Relation 


to  Resource  Use,  Earnings  and  Adjustments. 
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AGGREGATE  DEMAH)  FOR  IRMGATION  WATER  REFLECTS  INDIVIDUAL  FARMER 
ADJUSII.ffiNTS  TO  FORCES  AFFECTING  RETURNS  TO  TUTS  RESOURCE 

Farmers  Adjust  Croppliig  Programs  and  Resource  Allocations  According 
to  Variations  in  Irrigation  Vfater  Cost 

A  farm  operator's  demand  for  irrigation  water  is  a  derived  one;  he  is 
willing  to  pay  the  cost  for  water  in  order  to  obtain  the  added  profit  that  he 
expects  it  to  make  possible.    The  well-informed  and  capable  manager,  therefore, 
will  carefully  regulate  the  quantities  he  is  willing  to  purchase  at  particular 
prices  to  Insure  that  each  successive  quajitity  is  consistent  with  his  profit 
maximization  goal.    He  will  weigh  the  added  cost  of  each  additional  acre-foot 
of  irrigation  water  against  the  added  dollar  returns  (marginal  value  product) 
that  he  expects  to  accrue  as  a  result  of  adding  that  last  (marginal)  unit  of 
water.    He  should  be  willing  to  pay  (say)  $3.00  for  a  last  acre-foot  of  water 
only  if  he  expects  to  add  farm  production  equivalent  to  at  least  $3.00  in  value 
as  a  result.    Linear  programming  techniques  determined  optimum  water  quajitity 
and  price  solutions  for  each  of  five  farm  sizes  as  the  variable  cost  for  irri- 
gation water  varies  from  zero  to  $30 'OO  per  acre-foot.    The  result  was  a  I 
"stepped"  demand  schedule  for  the  five  farm  sizes  (80,  l60,  320,  614-0,  and  1, 280 
acres)  (see  Figure  2).    These  steps,  each  representing  a  combination  of  a  quantity 
of  water  and  a  particular  price,  are  not  necessarily  parallel  among  the  five  farm 
sizes.    The  amovmt  of  water  used  at  a  certain  price  depends  upon  a  specific  combi- 
nation of  crops  and  the  acreages  of  each  that  return  the  operator  the  maximum 
total  net  farm  returns -over-variable  expenses  \xnder  these  particular  water  cost 
conditions.    Fundamental  biological  and  economical  variations  among  crops,  in 
how  soils  and  climate  affect  crop  performance  and  yield,  and  intercrop  production 
cost  and  price  variations,  explain  these  changes  in  cropping  programs  that  accom- 
pany optimum  solutions  under  varying  water    prices .    One  particular  combination 
of  crops  and  acreages  of  each  may  remain  optimum  over  a  relatively  wide  price 
range;  another  combination  may  be  effective  for  only  a  very  narrow  price  variation. 

Tvro  points  are  clear  I'rom  the  data  yielded  by  this  ajialysis;  first,  water 
prices  are  extremely  influential  in  determining  the  quantities  that  farmers  should 
buy  for  irrigation  purposes;  second,  the  crops  grown,  and  the  relative  acreages 
of  each  under  the  various  solutions  within  a  range  of  price  variations,  may  vary 
importantly.    These  conclusions  reflect  the  basic  principle  that  a  farmer's  demand 
for  irrigation  water  is  a  direct  outgrowth  of  this  goal;  to  majxlmize  his  earnings 
through  applying  the  water  to  his  crops . 
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Figure  2 

Farm  Demand  For  Irrigation  Water,  Five  Farm  Sizes 
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Our  analysis  reveals  a  close  over-all  similarity  in  stepped  demand  curves 
among  the  five  farm  sizes.    Proportionate  changes  in  water  use  in  response  to 
increased  prices  are  quite  similar,  even  though  a  cursory  examination  may  suggest 
otherwise.    A  more  revealing  comparison  between  the  80-  and  l,280-acre  units  is 
possible,  however,  after  multiplying  the  horizontal  length  of  each  step  for  the 
smaller  farm  by  l6  (l,280  divided  by  80  equals  l6).    Following  this  adjustment, 
the  major  discrepancy  between  the  two  schedules  is  that  the  long  step  occurring 
at  $16.50  per  acre  for  the  80-acre  unit  is  delayed  until  about  $20.50  per  acre 
for  the  1,280-acre  farm  (see  Figure  2).    This  latter  difference  reflects  the 
advantage  that  the  large  farm  has  in  alfalfa  hay  harvesting  costs.  ^ 

Relatively  short  steps  for  the  price  range  below  $l6.00  per  acre-foot  for 
water  variable  expenses  characterize  all  farm  sizes.    These  reflect  the  fact 
that  at  the  lower  price  levels  farmers  should  adjust  to  minor  cost  increases  by 
using  drier  irrigation  treatments  on  crops  already  In  their  programs,  and  by 
shifting  from  high  to  low  water-use  crops  in  new  programs. 

AGGREGATE  WATER  DEMAND  AND  REVENUE  TO  DISTRIBUTING  AGENCIES  RELATE 
CK)SELy  TO  ON-FARM  IRRIGATION  ECONOMICS 

Aggregate  Demand  for  Irrigation  Water  Reflects  Physical 

and  Economic  Forces 

Analytical  results  presented  in  the  preceding  section  clearly  established 
the  basis  for  an  indlvidixal  farm  operator's  demand  for  irrigation  water  ajid  some 
of  the  important  characteristics  of  this  single-firm  demand.    Additional,  and 
highly  useful,  information  would  be  an  effective  measiire  of  aggregate  demand 
for  all  farms  within  the  area  concerned.    For  the  pvurpose  of  developing  this 
measure,  we  used  the  stepped  demand  schedule  data  for  the  five  farm  sizes  to 
construct  an  aggregate  area  demand  schedule.    An  earlier  study  had  determined 
the  number  of  farms  according  to  sizes  by  tabulating  all  Agricult\iral  Stabiliza- 
tion and  Conservation  Service  cotton  allotment  records  for  Tulare  County.-^  These 
totals,  classified  by  farm  size  groups,  provide  the  basis  to  construct  a  weighted 
area  demand  schedule.    The  result  was  a  single  set  of  water  quantity -price  data 
in  which  each  of  the  five  farm  sizes  exerts  an  importance  proportionate  to  the 
total  quantity  of  water  that  farms  of  this  size  use  in  relation  to  the  2,6kk 
commercial  farms  in  Tulare  County  with  1954  cotton  allotments  in  the  five  sizes 

1/    Hedges,  op.  cit.,  Economic  Adjustments  on  California  Cotton  Farms, 
Preliminary  Statistical  Summary  No.  1.    Farms,  Acres,  and  Cost  Allotments.  195^. 
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studied  (see  figure  3).    This  schedule  shows  greater  uniformity  and  smaller 
changes  among  the  steps  than  for  the  five  individual  demand  schedules,  but  still 
exhibits  a  bench  effect  or  "break"  in  the  middle.    By  fitting  two  curves  a 
smooth  fit  is  obtained.    These  curves  describe  the  relationship  between  changes 
in  water  prices  and  quantities  from  zero  to  $16.50  and  from  $16.50  to  $30.00  per 
acre-foot,  but  are  discontinuous  at  the  $16.50  cost  level  (see  Figure  3). 

Important  differences  in  basic  soil  productivity  as  between  the  Chino  clay 
loam  (Grade  l)  and  the  Traver  fine  sandy  loam  (Grade  II)  soils  included  in  this 
analysis,  plus  the  relatively  wide  differences  in  net  returns  levels  for  the 
alternative  crops  available  to  farmers,  largely  explain  the  discontinuous  nature 
of  irrigation  water  demand  in  this  analysis.    Government  programs  and  other  less 
official  restrictions  on  freedom  of  choice  also  are  important.    Cotton  ranks  along 
with  the  high  gross  value  specialty  crops  in  net  returns -over-variable  expenses 
per  acre.    Alfalfa  hay,  a  heavy  water  use  crop,  ranks  distinctly  lower  than 
cotton.    The  combined  result  of  these  soil  and  crop  characteristics  is  that  when 
water  variable  cost  levels  reach  about  $16.50  per  acre -foot,  alfalfa  hay  no 
longer  will  produce  enough  gross  receipts  to  cover  all  variable  expenses.  Farm 
operators,  therefore,  incur  losses  if  they  continue  to  produce  alfalfa  on  the 
Traver  soil,  but  they  have  no  better  generally  available  alternative .i^    As  a 
result,  all  Traver  soil  should  go  out  of  production  at  the  $16.50  per  acre -foot 
level,  sharply  reducing  the  quantity  of  water  required.    In  contrast  all  land, 
both  Chino  and  Traver  should  be  cultivated  at  prices  below  $16.50  per  acre-foot. 
Thus  the  discontinuous  nature  of  the  price -quantity  relationship:    At  water 
variable  expense  levels  below  $l6.50  per  acre-foot,  it  permits  100  percent  of  all 
farm  land  to  be  cultivated;  At  prices  higher  than  $l6.50  per  acre -foot,  it  permits 
only  70  percent,  the  Chino  soil,  to  be  cultivated. 

A  regression  equation,  fitted  to  each  segment  of  the  stepped  demand  curve 
by  the  method  of  least  squares  yielded  demand  schedules .    These  data,  based  on 
the  mid-points  of  the  vertical  segments  of  the  steps  as  observations,  appear  here 
as  two  smooth  curves  (see  Figure  3).    The  assumption  in  using  the  mid-points  for 


1/    Excluding  specialty  crops  and  sugar  beets,  also  subject  to  acreage 
restrictions,  alfalfa  hay,  even  thoiigh  less  profitable  than  cotton,  yields 
decidedly  higher  returns  than  other  alternative  crops.    See  Appendix  Table  1. 
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this  purpose  is  that  they  are  the  most  stable  points  on  the  stepped  curves  v/ith 
respect  to  price  change.^ 

Demand  Elasticities  Are  Greater  at  Higher  Prices 

The  next  approach  in  examining  aggregate  demand  for  irrigation  water  under 
conditions  of  this  study  was  to  calculate  demand  elasticities  for  the  two  segments 
of  the  smoothed  aggregate  demand  schedule,  and  for  the  entire  price  range.  Demand 
elasticity  cheinge  in  quantity  of  a  good  tsiken  in  response  to  a  one-unit  change  in 
its  price)  is  a  useful  abstract  measiire  for  characterizing  the  relationship  between 
prices  and  quantities  taken.    Our  assumption  in  calculating  demand  elasticity 
coefficients  is  that  price  operates  as  a  causal  factor  (an  independent  vsiriable), 
with  changes  in  the  quantity  of  water  taken  (the  dependent  variable)  occurring  in 
consequence  of  the  price ■ changes .    An  elasticity  of  1.00  for  water  indicates  that 
one  percent  increase  in  the  price  brings  with  it  a  one  percent  decrease  in  the 
quantity  taken,  if  other  related  conditions  remain  constant.    In  this  analysis, 
considering  the  entire  range  of  water  prices  (veiriable  costs)  evaluated,  one 
percent  increase  in  price  caused  O.65  percent  decrease  in  the  quantity  of  water 
purchased.    For  the  mean  of  the  water-cost  range  from  $l6.50  to  $30.00  per  acre- 
foot,  one  percent  rise  in  water  prices  resulted  in  0.702  percent  decrease  in 
quantity  taken .    At  the  mean  of  the  lower  end  of  this  range  (water  vsiriable  costs 
zero  to  $16,50  per  acre-foot)  one  percent  increase  in  price  causes  O.I88  percent 
decrease  in  the  quantity  of  water  taken  (see  Figure  3).    Thus  the  elasticity 
coefficients  serve  as  a  concise  summary  of  the  tendency  for  steadily  rising  water 
prices  to  cause  quantities  taken  to  decrease  at  progressively  more  rapid  rates. 
Stepped  demand  cxrrves  for  all  five  farm  sizes,  as  well  as  the  combined  aggregate 
demand  c\irve,  clearly  indicate  this  tendency. 

Total  Revenue  to  Water  Distributing  Agencies  Declines  with  Lower 
Water  Prices  Under  Inelastic  Demand  Conditions 

If  demand  is  inelastic  (the  coefficient  of  elasticity  is  less  than  1.00,  a 

drop  in  water  prices  will  reduce  gross  receipts  (total  revenue)  ).    This  effect 

is  evident  in  this  study  from  the  total  revenue  curves  constructed  from  the 

demand  c\arves  fitted  by  regression  methods  (see  Figures  3  and  h) ,    We  calculated 
---------------------------------------  -  P 

1/    Equations  were  as  follows:    Upper  Segment:  y  =  II3.TI86  -  12.125X  +  .38IX 

Lower  segment:  y  =  I78.903  -  12.878X  +  .2351K^ 

Data  such  as  those  used  in  these  calculations  do  not  meet  the  necessary 
assumptions  of  normality  and  independence  used  in  regression  analysis  and,  there- 
fore, do  not  support  statistical  inferences  and  probability  statements. 
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Figure  4 

Total  Revenue  From  Sales  of  Irrigation  Water  To  Cash  Crop 

Farms,  Tulare  County 
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"total  water  sales  revenue  by  multiplying  each  price  along  the  smooth  demand  curve 
by  the  associated  quantity.    Inasmuch  as  the  two  segments  of  the  discrete  demand 
curves  have  different  slopes,  so  also  do  the  revenue  curves  derived  from  these 
two  segments.    The  segments  of  the  demand  curve  including  the  lower  price  range 
is  much  less  elastic  (is  more  inelastic)  than  the  segment  at  higher  prices.  This 
variation  has  different  and  important  revenue  implications  for  the  two  portions 
of  this  curve.    The  more  inelastic  a  demand  cwcve,  the  greater  will  be  the  increase 
in  revenue  that  accompanies  a  rise  in  price  for  the  commodity.    Conversely,  the 
sharper  will  be  the  revenue  drop  if  prices  fall.    These  relationships  explain  the 
differential  revenue  levels  at  the  different  points  along  the  two  revenue  curve 
segments.    The  segment  at  the  left  shows  gross  receipts  from  selling  water  at 
prices  higher  than  $l6.50  per  acre-foot.    The  dotted  line  represents  the  discon- 
tinuous break  in  the  original  stepped  curve  and  in  the  smooth  demand  c\irves . 
Finally,  the  curve  segment  at  the  right  represents  water  revenues  obtained  at 
sales  prices  less  than  $l6.50  per  acre-foot  (see  Figure  k).    Identical  total 
revenues  can  be  obtained  at  differing  water  prices;  for  example,  h6.k  million 
dollars  results  either  from  selling  1.5  million  acre-feet  at  $17.60.  per  acre-foot, 
or  2.08  million  acre-feet  at  $12.70  per  acre-foot. 

Pricing  policies  vary  with  distributors. — Elasticity-revenue  relationships 
indicated  above  have  important  policy  implications.    A  distributor,  such  as  an 
irrigation  district,  with  the  policy  of  charging  just  enough  for  irrigation  water 
to  cover  total  costs  would  choose  a  price  at  a  distinctly  different  point  on  the 
demand  curve  than  a  private,  profit-seeking  company  whose  goal  is  to  maximize 
profit.-^    It  is  not  possible  to  identify  the  precise  points  on  the  revenue  curves 
for  attaining  each  of  these  two  objectives  without  considerably  more  information 
than  is  available  here.    An  absolutely  essential  item  is  detailed  knowledge  regard- 
ing the  total  costs  for  storing  and  distributing  various  quantities  of  water- -cost 
curves;  other  facts  and  data  also  are  required.    We  can  specify  the  governing 
principles:    An  irrigation  district,  to  meet  the  above  goal,  would  price  water  so 
that  total  revenue  would  just  equal  total  cost.    The  private  water  company,  seeking 
profits,  would  price  water  to  maximize  the  difference  between  total  cost  and  total 
revenue . 


1/    See  Brewer,  M.  F.,  Water  Pricing  and  Allocation  with  Particular  Reference 
to  California  Irrigation  Districts,  California  Agr.  Exp.  Sta.  Gisinnini  Foundation 
Mimeographed  Report  No.  235,  Oct.  I96O,  for  additional  discussion  of  this  subject. 
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In  practice,  irrigation  districts  using  a  combination  of  levies  based  on 
real  estate  assessments  and  measured  toll  rates  should  follow  a  definite  proce- 
dure:   first,  determine  total  costs  to  be  met;  second,  subtract  the  revenue 
obtained  from  real  estate  levies  from  the  total  cost;  and  third,  establish  toll 
rates  to  obtain  the  difference  when  levied  against  the  expected  volume  of  water 
delivery.    Maximum  quantities  of  water  will  be  used,  and  the  highest  physical 
production  by  farmers  will  be  forthcoming,  under  a  policy  of  obtaining  a  relatively 
high  proportion  of  total  distributor  income  through  levies  on  real  estate  assess- 
ments.   Absolute  maximum  quantities  will  be  used  when  all  income  is  derived  from 
such  levies.    At  the  other  extreme,  the  smallest  total  quantity  of  water  will  be 
sold  if  all  income  is  obtained  from  metered  toll  charges.    The  discrepancy  between 
the  two  quantities  involved  widens  as  demand  elasticity  increases  up  to  -1.00. 

Adjusting  the  Water  Demand  Curve  for  Soil  Quality  Variations 

Soil  quality  variations  present  serious  problems  in  undertaking  to  construct 
an  aggregate  demand  ciorve  for  a  particular  geographic  area.    Our  analysis  has 
assumed  that  all  farms  studied,  regardless  of  size,  include  70  percent  Grade  I 
and  30  percent  Grade  II  soils.    Such  uniformity  in  soil  resoiorces  among  a  group 
of  farms  within  an  area  is  not  characteristic.    On  the  contrary,  most  large  geo- 
graphic areas  are  characterized  by  varying  soil  grades.    Some  farms  will  contain 
100  percent  Grade  I,  and  no  Grade  II  soils.    Others  will  vary  through  the  entire 
possible  range  of  proportions  to  the  opposite  extreme,  100  percent  Grade  II  soil. 
Data  indicating  the  proportion  of  soils  by  grades  according  to  size  of  farms  are 
not  available  for  this  study.    The  next  best  alternative  in  the  absence  of  such 
data  is  to  specify  several  different  proportions  and  then  to  aggregate,  still 
assuming  that  all  farms  contain  the  same  proportions.    The  result  of  this  pro- 
cedure is  a  three-dimensional  surface  with  traces  for  five  different  proportions 
of  total  soil  resources  in  Grades  I  and  II  soils  (see  Figure  5).^/    Such  a  surface 
permits  some  evaluation  of  how  variations  in  soil  quantity  among  different  farms 
may  affect  demand  for  irrigation  water.    The  75  percent  trace  on  this  figure 
represents  a  close  approximation  of  the  stepped  demand  curve,  smoothed  by  regres- 
sion methods,  previously  presented  (see  Figures  3  and  5).    The  long  horizontal 
step  at  the  $l6.50  per  acre-foot  water  available  cost  level  is  apparent  for  all 
soil  quality  traces.    Due  to  alfalfa  going  out  of  production  with  no  alternative 

1/    The  soil  proportions  are  as  follows:    100  percent  Grade  I;  0  Grade  II;  70 
percent  Grade  I,  30  percent  Grade  II;  50  percent  Grade  I,  50  percent  Grade  II; 
25  percent  Grade  I,  75  percent  Grade  II;  0  percent  Grade  I,  100  percent  Grade  II. 
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Figure  5 


crop  coming  in  to  replace  it,  a  large  proportion  of  the  land  becomes  idle  when 
water  costs  reach  this  price  level,  even  on  the  100  percent  Grade  I  soil  (see 
Figure  5).  |  ' 

Several  other  observations  are  relevant  from  examining  this  demand  surface. 
Irrigation  water  demand  at  lower  prices  is  more  elastic  as  the  proportion  of 
Grade  I  soil  increases.    This  is  evidenced  by  increasing  over-all  slopes  for 
demand  curves  from  left  to  right  across  the  face  of  the  demand  surface.  Maximum 
alfalfa  acreage  and,  consequently  maximum  water  use,  occur  at  70  percent  Grade  I 
and  30  percent  Grad.e  II  soils,  with  water  prices  at  zero.    This  tise  pattern  re- 
flects primarily,  the  absence  of  profitable  alternative  crops  for  the  lower  quali- 
ty soil.    A  direct  result  of  this  disadvantage  is  that  high  water  prices  react 
more  severely  on  net  farm  returns  for  those  farmers  operating  units  with  a  rela- 
tively high  proportion  of  low  quality  soil,  than  for  those  with  lower  proportions. 

Demand  also  becomes  more  elastic  at  water  prices  above  $l6.50  as  the  propor- 
tion of  Grade  I  soil  increases  relative  to  that  of  Grade  II.    This  tendency, 
recognizable  from  left  to  right,  again  reflects  the  lack  of  alternative  low  water- 
use  crops  that  offer  positive  net  returns -over- variable  expenses  at  these  higher 
water  prices.    Only  cotton  remains  in  production  at  the  maximiJim  water  price 
($30.00  per  acre-foot)  along  the  zero  percent  Grade  I  soil  trace  (see  Figure  5). 

These  comments  would  be  incomplete  without  recognizing  the  short-term  aspects 
of  this  analysis  in  its  usefulness  for  irrigation  project  planning  and  resource 
development.    Because  it  is  short  term  in  nature,  it  provides  only  an  indication 
of  long-run  demand  for  irrigation  water,  the  most  important  aspect  of  demand  in 
project  planning.    We  also  emphasize  that  the  results  of  this  analysis  apply  only 
to  cotton-general  crop  farms  in  the  relatively  small  geographic  area  studied;  these 
results  cannot  safely  be  generalized  to  include  fruit  operations  in  all  of  Tulare 
County,  nor  to  another  geographic  area  with  dissimilar  physical  and  institutional 
restraints . 

INTRAFIRM  AND  EXTERNAL  CONDITIONS  AND  FORCES  JDIWTIZ  REGULATE 
AGGREGATE  PRODUCTION  RESPONSE  TO  VARYING  COTTON  LINT  PRICES 

The  possibility  that  crops  presently  grown,  or  others  yet  to  be  introduced 
on  most  farms,  may  provide  increased  revenue  to  strengthen  operator  demand  for 
irrigation  water,  represents  an  important  consideration  when  exploring  the  agri- 
cultural future  for  the  San  Joaquin  Valley  Eastside.    Cotton,  presently  the 
highest  ranking  crop  in  earnings  on  most  farms,  and  the  specialty  crop  group. 
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many  of  which  compete  closely  with  cotton  on  farms  where  they  are  grown,  suggest 
themselves  for  some  examination  in  this  connection.    Studies  already  cited  indicate 
that  the  specialty  crops  are  likely  to  expand  within  the  study  area.    It  would 
appear,  therefore,  that  a  continuation  of  production  cost  and  product  selling  price 
relationships  for  these  and  other  alternative  crops  in  Eastside  will  be  accompanied 
by  some  gains  in  farm  net  returns -over-variable  costs,  not  considering  irrigation 
water.    Such  gains  should  operate  to  support  a  somewhat  stronger  demand  for  irriga- 
tion water  in  the  study  area. 

But  what  does  the  future  hold  for  cotton  production,  prices,  and  net  returns? 
Here,  again,  the  Dean  and  McCorkle  study  suggests  that  important  production  in- 
creases may  develop  over  the  period  of  years  up  to  about  1975 •    How  might  such 
gains  affect  farmer  demand  for  irrigation  water?    One  approach  that  may  yield 
tentative  answers  to  these  questions  is  to  prepare  estimates  of  the  production 
response  (supply)  schedule  and  curve  for  cotton  lint.    We  undertook  such  an  analysis 
using  linear  programming  methods,  and  beginning  with  data  for  individual  farm  models 
representing  five  general  crop  farms  in  the  San  Joaquin  Valley  Eastside. 

Operators  Can  Profitably  Increase  Cotton  Production  as 

Lint  Prices  Rise 

Cotton,  the  dominant  general  field  crop  in  San  Joaquin  Valley  Eastside,  lends 
itself  well  to  an  analysis  of  how  price  increases  affect  production  response.  The 
linear  programming  model  used  for  each  farm  size  in  this  analysis  is  based  upon 
cropping  System  B,  including  in  addition  to  cotton,  sugar  beets,  blackeye  beans, 
alfalfa,  and  feed  grains.    Standard  conditions  and  assumptions  already  specified 
also  apply  in  this  analytical  model. 

Our  approach,  in  exploring  the  impact  of  increasing  cotton  lint  prices  on 
production  response,  was  to  permit  cotton  prices  to  vary  from  zero  to  about  hO 
cents  per  po\and  of  lint.    Each  of  the  resulting  optimum  solutions,  according  to 
total  farm  net  retiorns -over-variable  expenses,  indicate  a  combination  of  cotton 
price  and  quantity  produced,  in  bales.    These  price-quantity  combinations,  in  turn, 
establish  the  production  response  schedule;  when  plotted,  they  appear  as  stepped 
production  response  curves  (see  Figure  6).    Static-normative  supply  response  data 
obtained  in  this  manner  for  each  of  the  fiVe  farm  sizes  show  no  cotton  produced 
at  lint  prices  less  than  I8.O  cents  per  po\ind.    At  this  price  level,  and  under 
conditions  of  this  study,  operators  on  6ifO-acre  System  B  farms  should  include 
cotton  in  their  cropping  programs  to  maximize  net  returns -over-variable  expenses. 
Two  necessary  conditions  identify  this  lint  price  at  which  cotton  will  thus 
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Figxire  6 


Cotton  Production  at  Varying  Lint  Prices 
Five  Farm  Sizes 
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displace  acres  in  some  other  crop  and  increase  farm  returns:    first,  gross  receipts 
from  an  acre  of  cotton  m\ist  exceed  total  variable  expenses;  second,  the  dollar 
magnitude  of  the  returns -over-variable  expenses  for  an  acre  of  cotton  must  exceed 
those  from  the  least  profitable  crop  already  Included  in  the  program. 

Ibr  the  other  four  analytical  models  in  this  study,  the  cotton  lint  prices 
that  meet  these  two  essential  conditions  are  as  follows:    80,  l60,  320,  and  1, 280 
acres,  respectively;  23-9  cents,  20.3  cents,  19.h  cents,  and  19 .8  cents  per  poiond 
(see  Figure  6). 

Production  response  continues  to  be  sharp  for  relatively  slight  cotton  lint 
price  increases  up  to  about  25  cents  per  pound.    At  this  price  level  the  percentage 
of  crop  land  in  cotton,  according  to  80-  to  l,280-acre  farm  sizes,  is  as  follows: 
kh.6  percent,  63.3  percent,  62.9  percent,  6O.6  percent,  and  59. 0  percent,  respec- 
tively.   Slight  additional  increases  are  evident  for  lint  price  gains  from  25  to 
33  cents  per  pound.    Only  minor  cotton  acreage  response  follows,  however,  as  lint 
prices  rise  above  33  cents  for  any  of  the  five  farm  sizes. 

Some  of  the  basic  conditions  and  assumptions  specified  in  this  study  are 
iuqxartant  in  establishing  approximately  two -thirds  of  the  available  crop  land  as 
the  practical  ceiling  for  cotton  acreage  on  each  of  various  farm  sizes.    The  study 
frame-work  as  projected,  assumes  that  farm  resources  and  fixed  costs  remain  un- 
changed", regardless  of  the  farm  cropping  program.    Irrigation  water  quantities 
available  represent  one  of  the  fixed  resources  within  this  general  frame -work. 
But  irrigation  water  supplies  represent  one  of  the  important  constraints  in  the 
analysis;  additional  water,  and  therefore  expanded  facilities  and  increased  capital 
investments  and  costs,  wouM  be  necessary  before  operators  could  increase  cotton 
production  appreciably  above  a  level  representing  about  two-thirds  of  the  crop 
land.    We  recognize,  too,  that  other  restrictions  quite  possibly  would  become 
evident  if  this  water  quantity  constraint  were  lifted.    Operator  cropping  programs 
prior  to  acreage  allotments  wouM  appear  to  suggest  that  this  is  true.    It  was 
unusual  for  a  farmer  to  plant  more  than  about  two -thirds  of  his  available  land  to 
cotton. 

We  can  disregard  as  not  critical  to  our  purposes  in  this  analysis,  the 
question  of  precisely  how  much  additional  production  response  to  increased  cotton 
lint  prices  might  result  if  analytical  models  were  modified  to  eliminate  all 
restraints.    The  clear  and  consistent  evidence  obtained  by  analyzing  the  five 
farm  size  models  under  conditions  of  this  study  is  sufficient  for  our  purposes. 
It  establishes  definitely  that,  without  price  supports  or  acreage  restrictions, 
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fanners  would  find  it  profitable  to  expand  cotton  production  at  prices  above  l8 
cents  per  pound  of  lint.    At  decidedly  less  than  recent  support  price  levels, 
cotton  would  displace  enough  acres  from  other  alternative  crops  to  occupy  two-thirds 
or  more  of  the  available  acreage  on  most  Eastside  general  crop  farms. 

Aggregate  Production  Responses  May  React  Unfavorably  Upon 
Individual  Farm  Profit  Opportunities 

In  production  response,  as  in  demand,  aggregate  adjustments  are  important. 
The  results  of  such  aggregate  shifts  may  react  upon  individual  operators  through 
the  marketing  and  price  struct\are  so  as  to  modify  their  profit  opportunities 
sharply.    Such  a  result  can  accompany  joint  action  by  a  large  proportion  of  all 
producers  for  a  nationally  marketed  commodity  when  they  shift  in  the  same  direc- 
tion.   This  same  principle  applies  in  area  analysis,  providing  the  area  studied 
produces  a  relatively  important  share  of  the  entire  production  for  the  particular 
product.    Ordinarily  a  relatively  small  geographic  area,  such  as  the  one  in  this 
study,  would  be  able  to  exert  but  a  relatively  small  influence  in  the  total  national 
market  for  a  product  such  as  cotton.    If,  however,  as  assiimed  earlier  in  analyzing 
cotton  production  response  under  free  market  conditions,  governmental  price  supports 
and  acreage  restrictions  are  lifted  for  the  study  area,  they  would  be  lifted  for 
all  other  producers  in  major  cotton-producing  regions  of  the  United  States.  It 
is  relevant,  therefore,  to  prepare  estimates  for  the  aggregate  quantities  of 
cotton  that  all  farms  in  this  study  area  would  produce,  assuming  no  governmental 
price  support  or  acreage  allotments. 

I 

For  this  purpose,  we  siraraed  individual  supply  cxarves  for  the  five  farm  sizes 
previously  considered  into  a  single  area  production  response  curve  (see' Figure  7). 
The  procedure  for  aggregating  these  supply  curves  for  five  farm  sizes  into  a  study 
area  total  very  closely  parallels  that  used  earlier  in  estimating  aggregate  demand 
for  irrigation  water  (see  Figure  3).    The  relative  weight  of  each  farm  size  aggre- 
gate supply  response  cvirve,  again,  is  determined  by  the  proportion  that  farms  of 
this  size  represented  in  the  total  for  all  Tulare  County  farms  holding  ASC  cotton 
acreage  allotment  contracts  in  193k M    We  multiplied  the  quantities  of  cotton 
produced  at  each  lint  price  along  the  stepped  supply  schedule  by  total  farms  for 
each  of  the  five  farm  sizes  and  summed  the  resulting  cotton  quantities  to  obtain 
an  aggregate  short-run  supply  schedule  for  the  2,6hk  cash  crop  farms  of  20  acres 
or  more  crop  land  with  cotton  allotments  in  Tulare  Coimty  dvixing  I95U.    This  method 
admittedly  provides  only  an  approximation  of  cotton  production  response  that 

1/    Hedges,  loc.  cit. 
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Figure  7 


Aggregate  Shortrun  Supply  Response  For  Cotton  Lint 
Cash  Crop  Farms,  Tulare  County;  No  Acreage  Controls 
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actually  would  occur  if  all  cotton  income  supports  and  acreage  allotment  reouire- 
raents  were  removed.    Thus,  it  assumes  that  jprowers,  without  exception,  will  change 
their  cropping  programs  to  maximize  fann  net  returns  and  profits.    Again,  this 
procedure  ignores  the  fact  that  many  small  farms  with  cotton  allotments  also 
include  acreages  of  perennial  crops  such  as  trees  or  vines,  and,  therefore,  include 
limited  amounts  of  land  available  for  expanding  cotton  acreage.    It  is  most  un- 
likely that  such  growers  would  remove  orchards  and  vineyards  in  order  to  increase 
cotton  production  if  they  could  be  assured  of  aji  earnings  advantage  for  this  crop 
only  for  one  or  a  few  years.    Most  of  these  cotton-growing  fruit  farms  have  rela- 
tively small  cotton  acreages,  hov/ever,  and  collectively,  they  introduce  only  a 
small  error  into  these  estimates.    In  spite  of  these  limitations,  we  believe  that 
the  aggregate  production  response  schedule  determined  through  this  method  of  aggre- 
gation merits  thoughtful  attention. 

Aggregate  supply  response  data  for  the  study  area,  when  plotted,  reflects  the 
steps  found  in  the  individual  curves  for  each  of  the  five  farm  sizes,  but  these 
steps  are  less  accentuated,  and  the  curve  is  considerably  smoother  (see  Figures  6 
and  7)«    A  freehand  curve  superimposed  on  the  stepped  response  curve  indicates 
approximately  the  continuous  aggregate  price -quantity  relationship  for  cotton  lint 
in  the  study  area  as  farmers  increase  production  in  response  to  rising  cotton 
prices.  t 

Tulare  County  cotton  production  should  almost  double,  according  to  these  data, 
if  price  supports  and  acreage  allotments  were  removed  in  the  United  States  and 
California,  and  if  cotton  prices  adjusted  to  world  level.    Thus  at  2h  cents  per 
pound  of  lint,  representing  approximately  the  world  price  of  Calif orrjia  cotton, 
county  production  would  be  about  570^000  bales,  as  compared  with  slightly  over 
320,000  in  i960  (see  Figure  ?). 

Under  the  conditions  and  assumptions  of  this  study,  farmers  on  a  640-acre 
farm  size  would  find  it  profitable  to  replace  other  crop  acreage  with  cotton  when 
lint  prices  reach  about  I8  cents  per  pound.    Then  relatively  small  price  gains 
above  the  l8-cent  level  would  stimulate  similar  shifts  for  operators  on  the  other 
four  farm  sizes.    Aggregate  cotton  production  response  for  price  gains  from  I8.O 
to  21.5  cents  per  pound  would  represent  about  a  12  percent  increase  in  cotton 
production  for  each  one  percent  gain  in  cotton  lint  prices  (see  Figijre  7)*  Later 
production  increases,  follo^ring  these  sharp  initial  responses  become  progressively 
smaller.    Thus  for  lint  price  rises  from  21.5  to  2^.5  cents  per  pound  only  3.2 
percent  increase  in  cotton  production  should  accompany  each  one  percent  price  gain. 
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Corresponding  responses  at  still  hi[;;her  prices  are:     from  24.5  to  28.5  cents  — 
O.Qh  percent  production  increase,    from  28.5  "to  3^.0  cents--0.30  percent  pro- 
duction increase  for  each  one  percent  of  price  increase.    Thus  the  supply 
elasticity  for  cotton  production  response  to  chanf^ing  cotton  prices,  as  measured 
along  the  supply  curve  (coefficients  of  elasticity)  becomes  progressively  smaller 
as  cotton  prices  rise.    The  range  is  from  2.0  for  price  gains  from  l8.0  to  21.5 
cents  per  pound,  to  only  0.30  for  cotton  lint  price  increases  from  28.5  "to  3^-0 
cents  per  pound.    These  cotton  supply  elasticities  agree  closely  with  those 
Nerlove  found,  for  increases  within  higher  cotton  price  ranges,  for  the  pre- 
acreage  allotment  years  I909  through  1932.—^    These  results,  based  on  the  only 
recent  extended  period  without  cotton  acreage  allotments,  showed  cotton  supply 
elasticity  to  be  O.67. 

Data  available  for  this  analysis  strongly  indicate  that  cotton  production 
would  increase  sharply  if  price  supports  and  acreage  allotments  were  terminated. 
Such  results  are  quite  consistent  with  the  over-all  cost,  price,  and  net  returns 
interrelationships  between  cotton  and  other  alternative  field  crops  in  the  study 
area  and  in  the  Southern  San  Joaquin  Valley. 

Cotton  ranks  sharply  higher  in  earning  capacity  than  any  of  these  other 
crops,  except  some  of  the  specialty  products.    But  in 'general  these  specialty 
crops,  individually  or  collectively,  do  not  represent  real  alternatives  for  most 
farmers.    Limited  market  outlets,  special  handling,  selling  contracts,  specialized 
equipment,  additional  capital,  or  other  resource  needs,  interfere  to  limit  the 
number  of  farmers  who  successfully  can  include  one  or  more  of  these  other  rela- 
tively high  gross  and  net  returns  crops,  along  with  cotton,  in  their  farming 
systems.    Thus,  most  farmers  find  themselves  limited  for  practical  purposes  to 
cotton,  representing  relatively  high  gross  and  net  ret\irns  per  acre  under  effective 
income  support  and  acreage  allotment  policies,  on  the  one  hand,  and  alfalfa  plus 
feed  grains,  on  the  other.    Products  in  the  latter  group  rank  sharply  below  cotton 
in  earning  capacity.    These  facts  explain  why  cotton  would  continue  to  dominate 
most  field  crop  farm  cropping  systems,  even  if  lint  prices  were  to  drop  sharply, 
vinder  current  short-term  conditions,  providing  no  acreage  allotments  or  other 
restrictions  were  in  force  to  interfere  with  farmers '  planting  decisions . 


1/  Nerlove,  Marc,  "Estimates  of  the  Elasticities  of  Supply  for  Selected 
Farm  Commodities,"  Journal  of  Farm  Economics,  May  195^,  Volume  38;2,  p.  505. 
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Over  time,  two  forces  would  operate  to  lessen  this  dominance  of  cotton  in 
the  study  area,  and  in  much  of  the  cotton-growing  section  of  the  San  Joaquin 
Valley.    We  mentioned  earlier  the  possibility,  as  indicated  in  the  Dean  and 
McCorkle  report,  that  in  the  future  specialty  crops  may  be  expected  to  expand 
acreage  and  production.    If  this  happens,  and  if  the  earning  capacity  of  these 
crops  relative  to  cotton  on  a  per-acre  basis  continues  to  be  competitive,  in- 
creasing numbers  of  farmers  can  consider  a  wider  range  of  alternative  crops  in 
planning  their  cropping  systems. 

Another  force,  tending  to  have  the  same  results  but  not  adequately  examined 
in  this  report,  hinges  on  the  likelihood  that  alfalfa  and  some  of  the  other  feed 
crops  also  may  become  somev/hat  stronger  competitors  of  cotton  for  irrigated  land 
in  the  study  area  and  in  the  Southern  San  Joaquin  Valley.    Both  the  lower  cotton 
lint  prices,  almost  certain  under  any  adjustment  of  United  States  and  California 
prices  to  world  market  conditions,  and  whatever  price  strength  might  accrue  to 
alfalfa  hay  and  other  feed  crops,  as  a  result  of  cotton  absorbing  some  of  the 
acreage  in  alfalfa  under  conditions  of  this  study,  would  tend  to  narrow  the  rela- 
tively wide  earnings  advantage  of  cotton,  and  to  increase  the  attractiveness  of 
other  crops  to  farmers  in  the  area.    These  forces  and  tendencies,  to  the  extent 
they  materialize  over  time,  will  tend  to  lessen  the  sharpness  of  acreage  and 
production  response  by  cotton  under  free  market  production  and  price  conditions 
for  this  crop.    A  recent  analysis  based  on  the  Los  Angeles  hay  market  indicated 
that  a  10  percent  reduction  in  supply  would  cause  an  l8  percent  increase  in  price. 
Given  enough  time,  of  coijrse,  the  same  forces  will  express  themselves  to  a  lesser 
extent  in  maJcing  both  specialty  and  feed  crops  more  competitive  with  cotton,  even 
under  cotton  income  support  and  acreage  allotment  conditions. 
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CONCLUSIONS 

This  report  undertakes  to  answer  two  questions  for  cotton-general  crop  farms 
in  Tulare  County:     first,  how  do  increases  in  water  price  (variable  costs)  affect 
the  rate  of  change  in  quantities  used,  as  prices  rise  (the  slope  of  the  aggregate 
demand  curve)?    Second,  how  do  increases  in  cotton  lint  prices  affect  the  rate  of 
change  in  production,  as  prices  rise  (the  slope  of  the  aggregate  supply  response 
curve)?    The  calculated  aggregate  water  demand,  and  cotton  supply  response  curves 
that  resulted  from  our  analysis  appear  meaningful,  as  a  first  approximation  of  the 
true  demand  and  supply  ciorves .    Thus  they  should  be  useful  to  policy  makers,  water 
resource  planners,  those  responsible  for  managerial  decisions  in  individual  firms, 
particularly  farmers,  and  to  the  general  public. 

The  static-normative  aggregate  demand  curves  fitted  in  this  study  indicate 
a  sharp  impact  of  water  prices  on  quantities  that  farmers  should  buy  (demand 
elasticities)  in  order  to  maximize  total  farm  net  returns  and  profits.  Depending 
upon  the  price  level  for  this  resource  (one  percent  rise  in  v;-ater  price  brought 
0,19  decrease  in  water  purchases  at  the  zero  through  $16.50,  and  O.70  percent 
decrease  at  the  $16.50  through  $30.00  per  acre-foot  price  range).    Public  offi- 
cials and  managers  in  private  firms  should  observe  these  data  with  caxe.  They 
indicate  that  reduced  total  revenues  to  water  development  projects  and  distribu- 
tors may  result  if  prices  to  farmers  are  set  too  high.    Thus  in  this  study  the 
highest  total  revenue  to  distributors  accompanies  the  $l6.50  per  acre-foot  price 
for  irrigation  water.    Two  other  points  are  important:     first,  with  fixed  assess- 
ments for  an  area,  the  maximum  quantities  of  water  used  will  occur  at  zero  price 
(variable  costs);  second,  an  irrigation  district  or  mutual  water  company  seeking 
only  to  cover  costs  can  set  metered  prices  lower,  and  deliver  more  water,  than  a 
private  firm  seeking  maximum  profits.  [ 

Certain  conclusions  also  are  indicated  by  the  static-normative  aggregate 
cotton  supply  response  curve.    Farmers  almost  certainly  would  expand  cotton 
acreage  and  production  shaxply  if  federal  price  supports  ajad  acreage  allotments 
were  withdra™.    Under  free  market  conditions,  with  California  prices  for  cotton 
lint  near  the  world  market,  production  quite  likely  would  double,  but  farm  net 
returns  would  be  about  the  same  as  at  present  (export  payments  were  6.0  cents  per 
pound  in  196O-6I  and  8.5  cents  per  pound  in  I96I-62).    This  is  evident  from  the 
relatively  high  supply  elasticities  as  cotton  lint  prices  varied  in  the  analysis 
from  IG.O  to  cents  per  poiond.    Cotton  is  the  most  profitable  generally- grown 

crop  in  the  study  area,  even  without  the  relatively  higli  price  support  level. 
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But  under  existing  conditions  farmers  cannot  look  to  cotton  for  any  further  large 
increases  in  their  total  farm  net  returns  and  profits,  or  alternatively,  any 
increases  in  their  ability  to  pay  for  irrigation  vater.    Their  best  hopes  for 
such  gains  lie  in  expanding  markets  with  prices  remaining  at  present  levels,  or 
declining  less  than  the  market  expands.    Another  possibility  may  arise  in  grov?- 
ing  demand  and  broadened  production  opportvinities  for  other  (chiefly  specialty) 
crops,  as  some  researches  have  indicated  may  occur  by  1975. 

Finally,  those  interested  in  the  technical  aspects  of  demand  and  supply 
analysis  should  find  interesting  the  manner  in  which  rigid  constraints  on  mana- 
gerial decisions  and  economic  forces  combined  with  physical  conditions  to  cause 
the  benched  effect  and  to  make  two  discrete  c\H-ves  necessary  in  fitting  smooth 
curves  to  the  aggregate  water  demand  data.    These  data  add  further  evidence  to 
indicate  how  such  artificial  elements  as  price  supports  and  acreage  allotments 
operate  to  modify  free  market  conditions  and  to  distort  resource  use  patterns 
that  otherwise  would  exist.    Under  price  supports,  cotton  has  a  sharp  competitive 
advantage  over  alfalfa  and  other  alternative  crops,  and  remains  profitable  on  the 
Grade  I  soil  at  irrigation  water  prices  that  make  it  impossible  for  the  other 
general  field  crops  to  cover  all  variable  expenses,  particularly  on  the  Grade  II 
soil. 

We  believe  that  a  procedure  based  on  aggregating  comprehensive  data  for  the 
predominant  farming  system  in  a  defined  area,  as  applied  in  this  study,  offers 
the  best  available  guides  to  planners  and  decision  makers  concerned  with  resource 
development,  e.g.,  irrigation  water  storage  and  distribution  facilities. 
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APPENDIX 


AITCTDIX  TABLE  2 

Variations  in  Net  Betums-Over-Varialjle  Espenses  and  Irrigation  Water  Variable  Cost,  Five  Parin  Sizes 
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98,134 
96,238 
75,105 
74,009 
63,425 
61,768 
59,617 
53,666 
42,558 

3,050 
3,007 
2,807 
2,650 
2,457 
1,951 
1,926 
1,502 
1,443 
1,408 

0 

3.36 
3.96 
11.52 
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16.32 
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0 
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APPENDIX  lAHLE  1 


Net  Heturas-Over-Varlable  Expenses  Per  Acre^  for  Two  Soil  Types  'by  Ctop  and  Irrigation  Treatnent,  Five  Farm  Sizes 


_Cro2_ 


Irr. 
-reat- 


Chir.o  so  

Gross  [Variable 
receipts  isxpenses 


To 


agre 


Gross 
receipts 


Travgr  soil 
Variable 


exper.ses 


i;et 


Gross 
receipts 


Cni^o  soil 
Variable 


expenses 


loO  acres  ^ 

Gross 

lots 


re  "turns 


Variable 
expenses 


■y^t — 


Gross 
I2ts 


s 


expense 


Ket  Gro 
returns  recei 


2H 


variable 
expenses 


i.et 

returns 


Alfalfa  hay 
Lfalf a  hay 
Alfalfa  hay 
3crley 

urley/G.  S. 
3arley/G.  S. 
3.  eyed  bear^ 
3.  eyed  beans 
3.  eyed  beans 
Cantaloupes 
Cantaloupes 
Co-;ton 
Cotton 
Cotpon 

Groin  sorgh--= 
.Grain  sorGhun 
Su;ar  beets 
S-jgar  beets 


80-100 

8C 
100 

80 
100 
SO-100 

8c 
100 

80 
100 

5c 

80 
ICC 

80 
100 

80 
ICC 


III 

63 
163 
162 
163 

;s 


420 
!ill 

353 
100 
9k 
3C6 
287 


197 

113 

81* 

112 

88 

201 

114 

87 

75 

19^ 

112 

82 

Ik 

61 

52 

8 

117 

51 

iSt 

127 

37 

Ilk 

1*8 

l6i 

125 

36 

98 

69 

100 

ikk 

98 

1*6 

96 

■l^ 

136 

1*3 

515 

215 

676 

^d 

130 

ta9 

195 

650 

krr 

173 

229 

II^ 

226 

i 

218 

145 

217 

166 

212 

136 

65 

35 

103 

78 

25 

62 

32 

205 

101 

2C1 

86 

dollars 


197 

i 

112 

83 

201 

U4 

109 

75 

tl 

112 

68 

57 

U 

56 

168 

U7 

164 

130 

162 

114 

s 

161 

125 

168 

96 

72 

174 

98 

u 

144 

97 

163 

95 

133 

114° 

513 

217 

676 

4^ 

197 

650 

475 

420 

411 

196 

215 

362 

ii 

383 

191 

192 

348 

100 

63 

37 

103 

rr 

94 

61 

33 

306 

203 

103 

287 

199 

87 

82 
87 
82 

3.^ 
36 

47 
1*5 
182 
175 

169 
159 
27 


197 

113 

34 

in 

111 

84 

201 

U4 

87 

109 

75 

112 

52 

63 

53 

tl 

53 

3 

168 

112 

il 

164 

124 

4C 

162 

109 

52 

161 

120 

39 

168 

93 

75 

174 

95 

79 

144 

51 

163 

91 

72 

138 

u 

i4° 
420 

505 

225 

676 

48, 

\E 

If 

650 

457 

411 

184 

227 

& 

181 

162 

383 

178 

205 

177 

171 

100 

63 

37 

103 

76 

27 

94 

61 

•  33 

3C6 

194 

112 

287 

190 

97 

640 


1,280 


Alfalfa  ha;/ 
Alfalfa  hay 
Alfalfa  hay 
Earlsy 
Barley /G.  S. 
3ariey/G.  S. 
3.  eyed  beans 
3.  eyed  beans 
3.  eyed  beans 
Cantaloupes 
Can-caloupes 
Cotton 
Cotzon 
Cotton 

Grain  sorghuii 
Grain  sorghina 
Su^ar  beets 
Sugar  beets 


80-100 

80 
100 

80 
100 
SC-100 

80 
100 

80 

100 

60 

30 
100 

80 

100 

80 
100 


1 

63 
163 

162 
168 

174 

163 


420 
411 

385 
100 

306 

267 


83 

75 
19 
62 
59 

8^ 
74 
232 
212 
249 
242 
220 
40 
36 
118 
104 


197 
201 
194 
61 

160 

144 
138 
676 
650 

I 

99 


112 
115 
110 
'^9 

113 


67 


85 
86 
84 
12 

47 

53 

190 

i 


in 

68 
168 
162 
168 

420 
411 

383 
100 

94 
306 

287 


197 

89 

109 

201 

90 

? 

?9 

160 

103 

144 

74 

138 

232 

676 

212 

650 

249 

242 

166 

220 

? 

162 

99 

.59 

148 

131 

108 

112 
105 
17 

57 

I 

190 

i 

40 


a,'  Gross  receipts  less  variable 
at  $3.00  per  acre  foo-c. 


Variations  in  list  Returns -Over-Variable  Expenses  and  Cotton  Production 
Under  Vai^fing  Cotton  Lint  Prices ,  Five  Farm  Sizes 


B.    Excludes  cantaloupes 


80  Acres 

160  Acres 

320  Acres 

640  Acres 

1,280  Acr^ 

Cotton 

Lint 

Cotton 

Lint 

Cotton 

Lint 

Cotton 

Lint 

Cotton 

Lint 

Retiu-ns 

lint 

price 

Retxirns 

^.Int 

price 

Returns 

lint 

nrice 

Returns 

lint 

price 

R a  barns 

lint 

price 

dollars 

bales 

per  lb. 

dollars 

bales 

per  lb. 

dollars 

bales 

per  lb. 

dollars 

bales 

per  lb. 

dollars 

bales 

per  lb , 

7,913 

0 

0 

12,452 

0 

0 

25,933 

0 

0 

51,973 

0 

0 

132,438 

0 

0 

7,913 

71 

.239 

12,^52 

Ik 

.203 

25,933 

70 

.19^ 

51,973 

4 

.180 

132,438 

645 

.193 

70 

.243 

TO  ) r c^r^ 

Id  ,  M-yu 

50 

OCT  OT^ 

^5,9(0 

X.r.O 

•  i-Oj 

TOO  nko 

8,290 

79 

.2h9 

I2A98 

66 

.206 

26,087 

1^3 

.197 

52,171 

712 

.184 

133,700 

662 

.202 

8,i^95 

92 

.2^k 

12,500 

67 

.206 

26,171 

3^ 

.198 

60,616 

807 

.208 

136,737 

1,424 

.211 

9,075 

llh 

.267 

12,623 

10l| 

.209 

30,619 

398 

.224 

73, 9^+^ 

823 

.240 

150,619 

1,611 

.231 

9,251 

12k 

.270 

12,696 

132 

.211 

30,781 

412 

.225 

97,783 

829 

.298 

151,316 

1,641 

.232 

12,001 

125 

.31^ 

13,713 

177 

.226 

31,262 

429 

.227 

98,385 

856 

.300 

200,479 

1,646 

.292 

13,5^^3 

126 

.339 

\h,h2^ 

190 

.234 

39,667 

434 

.266 

99,470 

864 

.302 

202,211 

1,660 

.29^+ 

15,581 

128 

.371 

191 

.239 

52,133 

447 

.324 

105,158 

867 

.315 

212,736 

1,712 

.306 

15,395 

216 

.244 

60,731 

447 

.362 

11^,551 

881 

.337 

278, 428 

1,757 

.333 

l6,4lif 

219 

.254 

17, 208 

224 

.261 

25,1^5 

226 

.332 

25,870 

235 

.338 

26,687 

236 

.3i^5 

APPENDIX  TABLE  4 


Irrigation  Water  Added  to  Soil,  Irrigation  Efficiency,  and  Total  Seasonal  Applications 
by  Soils,  Irrigation  Practices,  and  Crops,  Five  I^rm  Sizes 


Crop 


(1)  _ 100  percent 
Water 


added 
inches 


Effi-  , 

a/ 
ciency— ' 

percent 


Total 
TOter 
inches 


Depletion  levels  for  available  soil  moisture 
(2)    80  percent        |     (3)  8O-IOO  percenT 


ITater 
added 
inches 


Effi- 
ciency- 


Total 
.crater 


Water 
added 


Effi* 
cienc?. 


a/ 


Total 
water 


(IQ    go  ■oercent 


Water 
added 


Effi- 

cienc^ 
percent 


Total 
^•rater 


A.  Chino  clay  loam 

Cotton 

Cantaloup 

Sugar  beets 

Alfalfa  (estab.) 

Alfalfa 

Field  corn 

Grain  sorghum 

Grain  Sorghum  (late) 


B. 


Traver  fine  sandy 
loam 


Cotton 
Cantaloup 

Beans  (black-eyed) 
Alfalfa  (estab.) 
Alfalfa 
Field  corn 
Grain  sorghum 
Grain  sorghim  (late) 


19.  ij. 

63-5 

3o-T 

51. 0 

35.3 

63.2 

51.5 

66.0 

23.0 

62^.8 

20.  U 

62.6 

20.1)- 

62.3 

29.1 

56.T 

18.9 

1j5.9 

14.6 

UT.8 

30.T 

55.1 

50.8 

64.2 

56.T 

19.5 

49.5 

19.5 

49.5 

percent 


inche! 


inches 


percent 


inches 


inches 


inches 


46.8 
30.6 
62.6 

55.9 
78.0 
35.6 
32.5 
32^7 


51.3 
38.7 
30.7 
55.8 

79.1 
43.0 
39.4 
39.4 


34.0 
22.0 
40.2 


52. 
27. 
22. 
22. 


28.9 
22.4 
14.6 

52.6 

27.9 
23.0 
23.0 


64.5 
62.3 
63.3 

66.0 

62.3 
61.6 
61.6 


51.5 
47.1 
44.8 

63.6 

53.1 
47.6 
47.6 


52.7 
35.3 
63.5 

79.9 
43.9 
37.3 
37.2 


56.2 
47.6 
32.5 

82.7 
52.6 
48.3 
48.3 


42.0 

52.8 
23.8 
25.6 


l4.l 

52.0 
24.2 

20.9 


62.6 

66.0 

63.7 
61.9 


47.1 

64.2 
56.0 
48.0 


67.1 

80.0 

37.3 
41.4 


29.9 

81.0 
43.1 
43.5 


33.5 


62.3 


53.7 


29.2 


43.0 


67.9 


a/  Irrigation  efficiencies  are  seasonal  weighted  averages  of  individual  water  applications. 
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FOREWORD 

This  is  analytical  report  niomber  2  in  the  series  of  investigations 
under  California  Agricviltural  Experiment  Station  Project  Nimibers  l6Ul  and 
H-1863.    Titles  of  these  projects  indicate  their  objectives  and  subject 
matter;  Economics  of  Adjustments  on  California  Cotton  Farms,  and  Effects 
of  On-Farm  Irrigation  Water  Supplies  and  Costs  on  Cropping  Systems  and 
Production  Adjustments.    The  latter-named  project  is  partially  supported 
by  funds  allocated  for  that  purpose  by  the  University  of  California  VJater 
Resources  Center.    It  also  is  the  California  Agricultural  Experiment  Station 
supporting  project  under  Western  Regional  Project  Number  W-70,  Economics  of 
On-Farm  Use  of  Irrigation  Water. 

Other  Experiment  Station  reports  under  the  generaJ.  series  title  for 
these  irrigation  investigations  include:    1.    Enterprise  Choices,  Resource 
Allocations,  and  Earnings  on  6i|Q-Acre  General  Crop  Farms  in  the  San  Joaquin 
Valley  Eastside.  3-    Some  Aggregate  Aspects  of  Farmer  Demand  for  Irrigation 
Water  and  Production  Response    in  the  San  Joaquin  Valley  Eastside,  and  k. 
Subarea  Variations  in  Relation  to  Resource  Use,  Earnings,  and  Adjustments 
in  the  San  Joaquin  Valley  Cotton  Area.    Some  Characteristics  of  Farm  Irrigation 
Water  Supplies  in  the  San  Joaquin  Valley  also  has  appeared  as  an  Experiment 
Station  release,  as  have  various  articles  in  California  Agriculture.  In 
addition,  several  articles  in  technical  journals  amplify  various  aspects  of 
these  investigations.  ^ 

We  are  indebted  to  many  agencies  and  Individuals  ^/ithout  whose  generous 
cooperation  neither  this  report  nor  others  in  the  series  vould  have  been 
possible.    Among  these  we  can  list  only  a  few  of  those  upon  whom  we  relied 
most  heavily.    The  major  power  companies  serving  the  San  Joaquin  Valley, 
Pacific  Gas  and  Electric,  and  Southern  California  Edison,  authorized  us  to 
use  well  test  data  previously  released  to  the  United  States  Geological  Survey. 
The  latter  agency  aided  greatly  in  this  procedure  by  making  photostatic 
copies  from  office  records.    The  California  Regional  Water  Pollution  Control 
Board  made  well  driller  reports  available  to  us  (data  for  individual  reports 
are  not  identified  In  order  to  keep  both  of  these  sets  of  information  confi- 
dential).   The  Ceilifomia  Department  of  Water  Resources  also  assisted  greatly 
in  these  studies  by  making  maps,  reports,  and  other  information  available, 
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as  did  the  United  States  Bureau  of  Reclamation.    The  California  Irrigation 
Districts  Association,  many  individual  irrigation  districts,  and  various 
memufacturers  and  distributors  of  irrigation  pumps  and  equipment  provided 
much  valuable  assistance  in  the  form  of  factual  data  and  interpretation. 
We,  of  course,  drew  heavily  on  published  reports  and  releases  of  the  agencie 
named  here,  plus  many  others. 

Among  the  many  individuals  to  whom  we  owe  appreciation,  we  wish  to 
mention  particularly  Messrs.  R.  S.  Ayers,  W.  Balch,  D.  E.  Butler,  J.  S. 
Gorlinski,  E.  J.  Griffith,  H.  H.  Holley,  G.  V.  Hufford,  J.  M.  Ingles, 
F.  Munz,  B.  M.  Smith,  H.  M.  Stafford,  S.  T.  Stairs,  L.  Stennett,  and 
H.  D.  Wilson.    A  complete  list  would  extend  to  a  much  greater  length;  we 
stop  at  this  point  only  because  of  space  limitations,  not  for  lack  of 
awareness  or  appreciation  of  the  assistance  generously  made  available  by 
many  others. 
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sur^RY 


This  report,  the  second  in  a  series  resulting  from  investigations  of 
on-farm  irrigation  economics,  deals  primarily  with  how  farm  size  variations 
interact  with  changes  in  irrigation  water  quantities  and  costs  to  affect 
farm  resource  use  and  earnings.    It,  like  the  previous  report,  centers  upon 
a  study  area  in  the  San  Joaquin  Valley  Eastside,  and  includes  only  Cotton- 
General  Crop  farms-.    Five  synthesized  farm  size  models  analyzed  (80-,  16O-, 
32O-,  6U0-,  and  1,280-acre  units,  respectively)  represent  the  size  groups 
including  practically  all  the  commercial  cotton- growing  farms  in  Tulare 
County  during  195^,  as  indicated  by  County  Agricultural  Stabilization  and 
Conservation  Committee  records.    Tkieir  dominant  characteristics,  available 
resources,  production  organization  patterns  and  methods,  and  input-output 
ratios  are  carefully  specified  according  to  modal  tendencies  for  such  data 
on  farms  in  the  study  area.    This  is  to  make  them  as  typical  as  possible  of 
farms  producing  cotton  and  general  crops  in  the  Tulare  County  Eastside  during 
the  period  1956-196O.  '  I 

Total  farm  fixed  costs,  averaging  about  $100  per  acre  for  all  five  farm 
sizes,  did  not  enter  the  first  steps  in  this  aneuLysis,  directed  to  determin- 
ing optimum  solutions  under  varying  water  costs  and  quantities  available. 
These  solutions,  instead,  reflect  only  variable  inputs  and  expenses;  fixed 
costs  come  into  the  total  farm  analysis  later  in  order  to  evaluate  total 
earnings  and  prepare  profit  and  loss  summaries.    Considering  variable  inputs 
and  expenses  for  two  soil  grades  and  three  irrigation  treatments,  cotton  pro- 
vided highest  net  returns  per  acre  for  Grade  I  soil  on  all  farm  sizes  except 
the  80-acre  model.    On  this  unit,  cantaloups  raiiked  first  and  second,  with 
cotton  third.    Cantaloups  out-remked  cotton  in  first  place  for  Grade  II  soil 
on  all  farm  sizes,  however,  and  took  the  first  two  of  three  possible  places 
for  the  three  smaller  farm  sizes.    Sugar  beets  and  alfalfa  hay  occupy  a  some- 
what middle  position  in  the  descending  order  according  to  net  returns  per 
acre  for  crops  in  the  study  area,  with  grain  crops  at  the  lower  levels. 

.  By  expanding  farm  size  and/or  adding  other  high  net-returns-per-acre 
crops,  farmers  on  these  units  may  expect  to  increase  their  ability  to  pay 
for  irrigation  water.    An  operator  on  a  l,280-acre  farm  under  conditions  of 
this  study  can  break  even  in  total'  farm  net  retums-over-variable  expenses 


—  vls-a-vis  total  farm  fixed  costs  —  at  variable  water  costs  of  $17  per  acre- 
foot,  whereas  the  operator  on  an  80-acre  unit  finds  his  break-even  ceiling 
price  for  water  at  about  $7-50  per  acre-foot-    On  each  of  these  farm  sizes, 
the  grower  with  the  "A"  range  of  alternative  crops  is  the  one  in  the  strong- 
est earnings  position;  as  compared  with  System  C  crops,  the  l,280-acre  unit 
producing  A  alternatives  indicates  breaJc-even  capacity  at  $17.00  versus 
$11. 6o,  per  acre-foot.    For  the  80-acre  size,  the  comparative  water  prices 
at  break-even  levels  for  total  farm  net  returns-over-variable  costs  are 
$7.50  for  System  A  and  $3-50  for  B. 

As  water  prices  rise,  farmers  adjust  quantities  used  by  a  series  of 
reasonably  definite  steps.    These  reductions  in  water  use  for  the  total  farm 
operation  follow  a  common  pattern  for  all  size  models,  a  "stepped"  demand 
curve  in  which  relatively  sharp  decreases  in  water  taken  accompany  each  price 
rise.    Competition  among  crops,  based  upon  relative  costs,  outputs,  net  re- 
turns, and  total  water  requirements,  determines  the  regularity  of  these  sever- 
al steps.    The  sequence  of  possible  adjustments  available  to  farmers    as  water 
prices  rise  is  reasonably  clear,  however;  first,  they  shift  to  drier  treat- 
ments on  existing  crops;  second,  they  reduce  acreage  for  the  higher-use  crops 
and  allocate  the  water  to  those  with  lower  requirements;  third,  they  leave 
less-productive  lajid  idle;  fourth,  they  idle  portions  of  the  better  land, 
planting  only  more  profitable  crops;  fifth,  they  cease  farming  and  go  out  of 
business  when  water  costs  continuously  preclude  profitable  operations  on  the 
best  land  with  the  highest  return  crops. 

Farm  size  also  sharply  affects  how  variations  in  quantities  of  water 
available  react  on  water  use,  cropping  programs,  and  farm  earnings.    Thus  a 
single  1,280-acre  farm  has  about  $32,000  greater  net  returns-over- variable 
costs  than  the  total  for  sixteen  80-acre  units  at  2,h00  acre-feet,  and  $37,000 
at  U,800  acre-feet  of  irrigation  water  as  the  total  available  for  the  season 
(with  fixed  costs  per  acre  at  approximately  the  same  level).    Again,  as  for 
varying  water  prices,  the  more  high-gross-returns  crops  available  as  alterna- 
tives, the  greater  the  net  returns;  for  the  l,280-acre  farm  the  System  A 
group  shows  an  advantage  of  about  $l8,000  over  B  and  C  at  2,U00  acre-feet, 
and  about  $27,000  and  $33,000  over  B  and  C  systems,  respectively,  at  k,QOO 
acre -feet. 
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Similar  shifts  in  cropr.  and  acreages  associated  with  optimum  returns  as 
available  water  quantities  vary  were  evident  for  all  five  analytical  models. 
Crops  enter  the  farming  program  for  the  B  group  of  alternative  crops  in  the 
following  order  as  water  quantities  increase;  cotton,  blackeye  beans,  sugar 
beets,  and  alfalfa.    In  general,  farmers  will  obtain  optimum  returns  if  they 
begin  with  the  drier  irrigation  treatments,  then  shift  to  the  wetter  ones  as 
more  water  becomes  available.    Value  of  additional  production  for  the  initial 
water  increments  begins  at  levels  at  or  near  the  $80  per  acre-foot  level,  de- 
pending on  farm  size,  with  A  alternative  crops.    They  decline  steadily  with 
successive  additions,  until  they  drop  below  $7  for  the  final  increments. 
The  same  pattern  of  declining  value  for  additional  production  holds  for  the 
other  two  groups  of  alternative  crops,  but  Initial  net  returns  are  lower  for 
all  farm  sizes  with  these  crop  choices.  I 

In  spite  of  certain  limitations  in  the  data,  this  study  shows  clear-cut 
evidence  of  how  economies  arise  as  farm  size  increases  from  80  to  1,280  acres. 
Average  total  costs  per  unit  of  product,  using  total  farm  revenues  to  repre- 
sent output  for  these  imilti-product  firms,  are  entirely  consistent  with  the 
theoretical  framework  developed  by  economists  to  explain  economies  of  scale. 
Declining  average  total  costs  per  unit  apply  to  each  farm  size  as  production 
expands  within  the  short-run  period  to  capacity  limits  set;  these  several 
curves  for  farms  of  progressively  larger  sizes  fit  together  smoothly  within 
the  over-all  envelope  curve  suggesting  the  longer- run  adjustment  patterns. 
Most  of  the  cost  savings  per  unit  due  to  increasing  size  appear  in  comparing 
the  three  smaller  sized  farms,  but  profit  advantages  accrue  as  size  increases 
throughout  the  entire  range  for  all  five  models.     Increased  output  volume  is 
important  here  as  well  as  savings  per  unit.    These  data,  again,  show  the  ad- 
vantages to  farmers  in  higher  earnings  potentials  if  they  can  choose  from  a 
range  of  alternatives  including  two  or  more  high  gross  and  net  returns  crops 
when  planning  their  cropping  programs. 

Farm  profits,  both  in  dollars  and  as  rates  earned  on  average  total  farm 
capital  investments, . reflect  the  earnings  advantages  of  increasing  farm  size 
under  conditions  of  this  study.  Actual  dollars  returned  as  capital  and  man- 
agement income  more  than  double  as  size  doubles  from  the  80-  to  the  l60-acre 
farm,  and  so,  consecutively,  for  each  successive  pair  of  size  models.  Thus 
the  profit  (return  to  capital  and  management)  is  $2,500  for  the  80-,  and 
$10,200  for  the  l60-acre  farm.    Approximate  totals  for  the  other  three  sizes 
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are  as  follows:  $22,100;  61^0-,  $1|8,T00;  and  l,280-acre,  $108,250. 

Interest  earned  on  average  total  investment  in  all  farm  property  for  the  five 
analytical  models  was  3-8  percent,  8.2  percent,  8.8  percent,  9.6  percent,  and 
10.5  percent,  respectively  for  the  sizes  ranging  from  80  to  1,280  acres. 
Imputed  management  income  ranged  from  -$1,36U  for  the  80-  to  $^+6,955  for  the 
1,280-acre  farm. 

Cotton  is  the  dominant  source  of  gross  and  net  returns  for  all  farm 
sizes  and  all  three  sets  of  alternative  crops  (cropping  systems)  considering 
"both  acres  planted  and  performance  per  acre.    An  important  question  to  farmers 
deciding  water  use  policies,  therefore,  is,  "What  are  my  opportunities  for 
growing  cotton  profitably?"    An  analysis  ass\iming  that  the  federal  price  sup- 
ports and  acreage  allotments  no  longer  apply,  hut  that  other  conditions  and 
restrictions  included  in  the  study  framework  still  pertain,  clearly  indicates 
that  cotton  would  expand  greatly  in  both  acres  and  lint  production  if  such 
conditions  did  prevail.    Farmers  on  80-acre  farms  should  plant  no  cotton  at 
lint  prices  less  than  23.9  cents  per  pound,  while  those  on  the  other  farm 
sizes  should  bring  cotton  into  their  programs  at  prices  varying  from  18.O  to 
20.3  cents  per  pound  of  lint.    Cotton  would  occupy  about  60  percent  of  all 
cropland  on  the  four  larger  models  and  almost  half  of  that  on  the  80-acre 
farm  at  25. 0  cents  per  pound;  at  33.0  cents  these  proportions  should  increase 
to  two-thirds  on  the  larger  four  units  and  three-fourths  on  the  smaller  one. 
Break-even  prices  for  cotton  lint  accompanying  such  production  would  be  at 
prices  ranging  from  21.6  cents  per  pound  for  the  614-0-  and  1,280-acre  models 
to  27.0  cents  for  the  80-acre  unit,  with  irrigation  water  variable  costs  at 
$3  per  acre-foot.    Break-even  totEil  farm  net  returns-over- variable  costs  would 
be  at  sharply  higher  cotton  prices  if  water  variable  expenses  were  higher;  for 
example,  at  30.0  cents  per  pound  for  the  80-acre  farm  with  water  costs  at  $9 
per  acre-foot. 

Clearly,  farmers  in  the  San  Joaquin  Valley  Eastside  would  greatly  in- 
crease cotton  production  in  the  absence  of  acreage  allotments.    The  supply 
response  tendencies  for  all  farm  sizes  studied  indicate  that  if  both  allot- 
ments and  price  supports  were  absent,  farmers  in  this  subarea  might  double 
the  proportion  of  their  cropland  planted  to  cotton,  recognizing  that  prices 
easily  might  adjust  to  about  25. 0  cents  per  pound  of  lint,  roughly  the  world 
price  level  in  196I  for  cotton  of  quality  approximating  the  California  crop. 
This  question  of  aggregate  response,  as  well  as  that  of  aggregate  demand  for 
irrigation  water,  is  considered  more  fully,  and  specificeilly  in  a  companion 
report . 


ECONOMICS  OF  ON- FARM  IRRIGATION  WATER  AVAILABILITY  AND  COSTS 
AND  RELATED  FARM  ADJUSTMENTS 


2.    Farm  Size  in  Relation  to  Resource  Use,  Earnings,  and  Adjustments 
on  the  San  Joaquin  Valley  Eastside 

Charles  V.  Moore  and  Trimble  R.  Hedges^ 

This  study  midertaices  to  identify  and  measure  the  relation  of  farm  size 

to  how  irrigation  water  supplies  and  costs  affect  resource  use  and  earnings 

on  individual  farms.    The  first  report  in  this  series,  based  on  studies  of 

on-farm  irrigation  economics,  centered  on  problems  relating  to  quantities 

and  cost  of  irrigation  water  on  a  6^0-acre  farm  model  in  the  San  Joaquin 
2/ 

Valley  Eastside.-'     It  investigated  how  variations  in  quantities  of  irri- 
gation water  available,  and  in  the  cost  for  such  water,  relate  to  water  use, 
optimum  cropping  programs,  and  farm  earnings  under  such  programs,  and  to 
production  adjustments  in  Tulare  County  on  the  San  Joaquin  Valley  Eastside. 
This  present  report  also  examines  the  same  group  of  basic  economic  questions 
concerning  irrigation  and  its  effects  on  farm  organization,  adjustments,  and 
profits  in  the  same  study  area  (see  Figure  l).    It  expands  the  scope  and  em- 
phasis of  the  analysis,  however,  to  examine  farm  size  as  an  important  charac- 
teristic  that  interacts  ivlth,  and  complicates  the  effects  of  variations  in 
irrigation  water  quantities  and  costs  on  farm  organization  and  earnings. 

Such  an  analysis  is  necessary  because  farm  size  variations  do  react 
sharply  on  other  characteristics  of  farm  businesses.    Tliese  variations  set 
definite  limits  on  the  possibilities  of  generalizing  the  results  of  a  study 
based  on  one  specific  farm  size  to  different  sized  units.    Critically  impor- 
tant characteristics  that  vary  according  to  size  include  physical,  economic, 

1/    Charles  V.,  Moore  is  Agricultural  Economist,  Agricultural  Adjustments 
Branch,  Farm  Economics  Division,  Economic  Research  Service,  U.S.  Department 
of  Agriculture,  Davis,  California.    He  formerly  was  Assistant  Agricultural 
Economist  in  the  Experiment  Station  and  on  the  Giannini  Foundation.  Trimble 
R.  Hedges  is  Professor  of  Agricultural  Economics  and  Agricultural  Economist 
in  the  Experiment  Station  and  on  the  Giannini  Foundation,  University  of 
California,  Davis,  California.  I 

^    Hedges,  Trimble  R.,  and  Charles  V.  Moore,  Economics  of  On-Farm  Irriga- 
tion Water  Availability  and  Costs,  and  Related  Farm  Adjustments.    1.  Enter- 
prise Choices,  Resource  Allocations,  and  Earnings  on  640-AGre  General  Crop 
Farms  in  the  San  Joaquin  Valley  Eastside,  Calif.  Agr.  Expt.  Sta.,  Giannini 

Foundation,  Res.  Report.  No.  257,  Davis:  I962. 
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Figure  1 
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and  institutional  phenomena.    Some  of  the  more  important  examples  are  machinery 
and  equipment  size  and  capacity  in  relation  to  annual  use  requirements,  volume 
and  timing  of  purchases  and  consequent  bargaining  leverage  in  relation  to 
prices  for  goods  and  services  used  in  production,  marketing  effectiveness 
in  relation  to  sales  prices  for  farm  products,  input  requirements  of  farm 
enterprises  for  management,  and  the  general  problem  of  internal  efficiency 
based  on  combining  and  using  resovirces  effectively.    Important  items  among 
this  wide  range  of  characteristics  express  their  influence  differently  accord- 
ing to  farm  size  by  affecting  input  costs  and  prices  per  unit  of  product  — 
and  ultimately,  net  returns  per  output  unit  —  and  profits  for  the  entire  farm. 
These  variations  also  react  upon  the  opportunities  for  farm  adjustments  to 
relative  changes  in  prices  and  costs,  and  to  the  methods  that  are  effective 
in  achieving  such  adjustments. 

This  Study  Had  Seven  Specific  Objectives 

The  analyses  reported  here  examine  in  detail  how  variations  in  irriga- 
tion water  quantities  and  costs  react  on  farm  characteristics  that  help  to 
regulate  profitable  operation.    Their  approach  and  emphasis,  however,  center 
upon  the  interrelationships  of  farm  size  variations  upon  these  important 
irrigation  questions.  I 

Seven  specific  objectives  must  be  met  in  order  to  achieve  the  over-aJLl 
goals  specified  above:     (l)  Determine  farm  models  typical  of  predominant  cotton- 
general  crop  farm  sizes  in  the  study  area  (five  farm  sizes  were  selected  for 
this  purpose).     (2)  Establish  the  physical  characteristics  of  farm  irrigation 
water  supplies,  including  both  underground  and  surface  sources;  determine  how 
these  characteristics  relate  to  water  costs,  including  both  fixed  and  variable 
components,  as  these  costs  change  with  farm  size.     (3)  Construct  complete  crop 
budgets,  including  all  production  materials  and  services,  for  each  farm  size 
selected;  determine  total  revenue,  aggregate  variable  expenses,  and  net  re- 
turns-over- variable  expenses  for  each  alternative  crop;  relate  these  basic 
facts  to  relevant  resource,  economic,  and  institutional  conditions  for  each 
of  the  five  farm  models,     (h)  Determine  the  effects  of  a  wide  range  of  vari- 
ations in  total  annual  water  quantities  on  optimum  cropping  programs,  resource 
allocations,  and  adjustments,  and  on- farm  earnings  for  each  of  analytical  models. 
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(5)  Measure  the  effects  of  a  wide  range  of  variations  in  water  costs  on 
water  use,  optimum  cropping  programs,  resource  allocations  and  adjustments, 
and  farm  earnings  on  the  farm  models.     (6)  Identify  and  evaluate  how  vari- 
ations in  farm  size  affect  short- run  production  costs;  estimate  the  approxi- 
mate long-run  average  total  cost  curves  in  relation  to  farm  size  adjustments. 
(7)  Identify  and  measure  how  cotton  lint  price  variations  over  a  wide  range 
react  on  optimum  water  use,  cropping  programs,  resource  allocations,  cotton 
production,  and  farm  earnings  for  each  of  the  farm  size  models. 

Appropriate  Procedures  Were  Necessary  for  Each  Specific  Objective 

1.    Determine  Farm  Size  Models. — Data  obtained  through  the  cooperation  of 
the  California  and  Tulare  County  Agricxxltural  Stabilization  and  Conservation 
Service  and  the  Agricviltural  Extension  Service  in  an  earlier  study  provided 
the  basic  backgrovmd  used  to  select  farm  sizes  for  analysis  (Objective  l).^ 
The  Eastside  covmty  had  3,952  cotton  allotment  contracts  in  195l»-,(the  most 
recent  complete  tabulation),  of  which  1,308  were  20  acres  or  less  in  size. 
Of  the  remaining  2,Gkh  allotments,  1,566  or  59.2  percent,  represented  units 
of  21  to  100  acres,  with  the  others  distributed  over  four  size  ranges,  as 
follows : 


We  selected  five  farm  sizes,  80-,  I60-,  320-,  6hQ- ,  and  1,280-acres,  respec- 
tively, as  analytical  models.    These  are  intended  to  represent  as  closely  as 
is  practicable  the  major  size  groups  in  the  farm  distribution  for  cotton- 
general  crop  farms  as  determined  by  the  earlier  study.    Some  of  the  195^  allot- 
ments in  Tulare  County  went  to  operators  who  also  produce  fruit,  either  tree 
or  vine,  and  therefore  are  not  free  to  allocate  all  cropland  to  annual  crops. 
It  is  evident,  also,  that  some  changes  in  numbers  by  farm  sizes  occurred  be- 
tween 1954  and  the  date  of  this  study,  due  to  land  transfers,  shifting  tenure 
arrangements,  and  other  causes.    We  recognize  these  limitations  in  the  Tulare 


1/    Hedges,  Trimble  R. ,  Economic  Adjustments  on  California  Cotton  Farms, 
Preliminary  Statistical  Summary  No.  1,  Calif.  Agr.  Expt .Sta. , Giannini  Foundation 
unnumbered  Mimeo.  Report,  Davis:    1955 • 


101  -  220  acres 
221  -  h20  acres 
if 21  -  9U0  acres 


9*11  acres  and  over 


55^  farms 
301  farms 
172  farms 
51  farms 


21.0  percent 
11. U  percent 
6.5  percent 
1.9  percent 
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County  farm  data  as  used  for  deterralnlnG  the  five  sizes  used  in  this  analysis. 
It  appears,  however,  that  such  changes  as  have  occurred  have  not  seriously 
altered  the  over-all  size  distribution  for  Tulare  County  farms;  these  five 
sizes  are  still  dominant.^    Analysis  and  findings  relating  to  these  sizes, 
therefore,  should  provide  useful  indications  of  hov  size  variations  affect 
irrigation  economics  on  cotton-general  crop  farms  in  Tulare  County.  Units 
vith  cotton  allotments  of  20  acres  or  less,  largely  representing  small  open 
land  acreages  on  fruit  farms,  part-time  farms,  or  other  special  conditions, 
are  omitted  because  they  are  too  small  for  an  economic  unit  in  cotton- general 
crop  farming,  as  will  be  evident  in  exajnining  earnings  data  for  the  five 
sizes  included  here.  I 

2.  Establish  Farm  Irrigation  Water  Supply  Characteristics. --Earlier  analyses 
based  on  power  company  well  tests,  vrell  driller  reports.  Irrigation  District 
and  other  water  distributor  data,  precipitation  records,  and  interviews  with 
farmers  and  service  agency  representatives  enabled  us  to  establish  farm  irri- 
gation supply  characteristics.    The  actuail  data  used  represent  summaries  of 

this  wide  range  of  information  and  are  intended  so  far  as  possible  to  tyoify 

2/  " 

actual  water  quantity  and  cost  conditions  on  farms  in  the  study  area.-'  ^ 

3.  Construct  Crop  Budgets  by  Farm  Sizes. --Budgeting  methods  served  effective- 
ly to  establish  acre  performance  data  for  the  various  crops.    Calendars  of 
operations,  physical  input  schedules,  related  yields,  and  price  and  cost  data 
were  necessary  for  building  these  budgets.    Completed  crop  budgets  include 
summary  data  for  all  variable  input  expenses,  gross  receipts,  and  net  returns- 
over-variable  expenses  for  each  crop  under  each  irrigation  treatment  for  each 
farm  size.    These  data  show  net  returns  both  with  and  without  irrigation  water 
costs  considered.  | 

l/    Tulare  County  farms  reporting  cotton  nximbered  2,'4-13  in  1959  according 
to  the  United  States  census.    See  U.S.  Census  of  Agriculture  1959,  Vol.  II, 
Chap.  5,  U.S.  Department  of  Commerce.    Although  not  strictly  comparable  with 
the  earlier  A.S.C.  data,  the  Census  figures  on  numbers  of  cotton  growing 
farms  according  to  size  indicate  that  the  distribution  in  1959  was  similar 
to  that  in  195^. 

2/    Hedges,  Trimble  R. ,  and  Charles  V.  Moore,  "Irrigation  Pumping  Plant 
Characteristics  in  the  San  Joaquin  Valley,"  California  Agriculture,  Vol.  l^, 
No.  8,  August  i960,  pp.  2  and  3. 

Moore,  Charles  V.,  and  Trimble  R.  Hedges,  "Irrigation  Costs  of  Pumping 
in  the  San  Joaquin  Valley,"  Calif omia  Agriculture,  Vol.  l'4..  No.  10,  October 
i960,  pp.  3  and  k. 

Ibid.,  "Water  Deliveries  and  Costs  in  the  San  Joaquin  Valley  Cotton 
Area,"  Vol.  I5,  No.  3,  March  I961,  pp.  T  and  8. 
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More  complete  information  regarding  these  procedure g  appears  in  the 
first  report  of  this  series,  dealing  with  the  6to-acre  farm  size.^    How  to 
establish  the  effects  of  irrigation  practices  for  the  various  crops  on  yields, 
according  to  soil  characteristics,  was  a  critical  problem  in  this  procedure. 
The  basic  concept  applied  is  that  amounts  of  soil  moisture  available  to  plants 
directly  affect  groifth  rates  and  yields,  but  that  such  available  moisture 
varies  invesely  with  mean  moisture  stress  (tension)  in  the  soil.    Thus  as  the 
quantity  of  moisture  in  the  soil  decreases  from  field  capacity  (FC)  to  the 
permanent  wilting  percentage  (PWP),  tnesion  rises,  and  progressively  less  is 
available  to  plants.-^    We  emphasized  three  irrigation  practices  with  estimated 
yields  for  each  in  applying  this  concept,  identifying  each  practice  according 
to  the  percentage  of  available  soil  moisture  depleted  prior  to  irrigation. 
These  practices  were  as  follows:     "dry  treatment"  (No.  l),  100  percent  deple- 
tion; "medium  treatment"  (No.  2),  80  percent  depletion;  "wet  treatment" 
(No.  k),  60  percent  depletion.    In  addition  a  "mixed  treatment"  (No.  3)  is 
used  for  some  crops  on  certain  soils.    Yields,  costs  per  acre  for  water,  ap- 
plication, and  various  inputs  related  to  yield,  and  net  returns  per  acre  varied 
ajnong  the  crops  and  soils  studied  according  to  these  four  irrigation  practices. 

k.  and  3.    Evaluate  How  Variations  in  Irrigation  Water  Quantities  and 
Costs  Affect  Farm  Performance. — Linear  programming  was  the  analytical  tool 
used  to  determine  how  variations  in  total  annual  quantities  of  water  available, 
and  in  water  prices,  affect  optimum    water  use,  cropping  programs  and  resource 
allocations,  adjustments,  and  farm  earnings.    This  procedure  involved  deter- 
mining optimum  solutions  for  each  of  the  three  cropping  alternatives  for  each 

of  five  farm  sizes,  according  to  prescribed  ranges  of  variation  in  water 

3/  4/  5/ 

quantities,  water  variable  costs,  and  cotton  lint  prices. -"^  -'  ^ 


1/    Hedges  and  Moore,  Economics  of  On-Farm  Irrigation  Water  Availability 
and  Costs  and  Related  Farm  Adjustments.    1.    Enterprise  Choices,  .  .  .  , 
pp.  22-2k,  and  Appendix. 

2/    Hedges  and  Moore,  Economics  of  On-Farm  Irrigation  Water  Availability 
and  Costs  and  Related  Farm  Adjustments.    1.    Enterprise  Choices,  .  .  .  , 
pp.  2^1-36,  and  Appendix.    See  also  citations  a|)pended. 

^    Ibid. .  pp.  37-^1,  and  Appendix. 

4/  Heady,  Earl  0.,  and  Wilfred  Candler,  Linear  Programming  Methods,  Iowa 
State  College  Press,  Ames,  Iowa:  1958' 

^    Garvin,  Walter  W.,  Introduction  to  Linear  Programming,  McGraw-Hill 
Book  Company,  New  York:  196O. 
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6.  Determine  Short-Run  Average  Total  Cost  Curves.— Linear  programming  also 
vas  the  basic  procedure  for  this  portion  of  the  study.    Total  farm  revenue, 
net  returns,  and  all  variabli;  expenses  for  each  optjinum  solution  vlthin  the 
established  restrictions,  restated  from  this  analysis.    By  combining  fixed 
costs  with  these  variable  expense  totals,  it  was  possible  to  calculate  aver- 
age total  costs,  and  costs  per  dollar  of  revenue,  at  each  solution.  These 
latter  data  identified  the  least-cost  combination,  and,  when  plotted,  estab- 
lished the  short-run  total  average  cost  curves  for  each  farm  size.  ^ 

7.  Measure  the  Effect  of  Cotton  Lint  Price  Variations.— We  examined  how  vari- 
ations in  cotton  lint  prices  affect  cotton  production,  farm  resource  allocations 
and  adjustments,  and  total  farm  net  returns  again  using  linear  programming. 
This  procedure  parallels  that  used  in  the  first  report,  previously  cited  above. 


FIVE  SYMTHESIZED  MODELS  TYPIFY  CONDITIONS  ON 
FARMS  IN  THE  STUDY  AREA 


Farm  Model  Characteristics  Are  Based  on  Detailed 
Facts  About  the  Study  Area  .1/ 

Data  were  obtained  from  both  primary  and  secondary  sources.  Interviewers 
visited  fanners  in  the  study  area  to  obtain  facts  on  production  organization 


1/    Major  terms  relating  to  farm  models  appearing  in  this  report,  and  their 
definitions,  are  as  follows:  | 
Cropping  System  —  detailed  cropping  organization  for  a  Farm  Model. 
Farm  Model  —  synthesized  Farming  System,  based  on  modal  farm  characteristic 

data  for  a  particular  geographic  subarea. 
Farming  System —  detailed  organization,  methods  of  operation,  and  practices 

used  on  a  Farm  Model  (see  Appendix  Tables  2  and  3)» 
Subarea  —  a  segment  of  a  major  geographic  area,  such  as  the  San  Joaquin  Valley, 

selected  for  study. 

Irrigation  Practice  —  technique  or  method  used  in  irrigation,  identified  in 
this  study  by  the  depletion  level  for  available  soil  moisture  prior  to 
irrigation. 

Variable  Expenses  (Costs)  —  sum  of  annual  cash  operating  expenses,  plus  unpaid 
family  (operator's)  labor.     (See  Appendix  Tables  3  through  5-)    This  item 
may  appear  as  Variable  Expenses  (Costs)  per  Acre  for  a  single  crop,  or  as 
Farm  Variable  Expenses  (Costs)  representing  the  total  for  an  entire  farm. 

Fixed  Costs  —  sum  of  einnual  cash  and  noncash  costs  for  using  capital  items 
and  for  general  costs  not  readily  allocated  to  specific  enterprises. 

Gross  Receipts  —  s\im  of  annual  receipts  from  sales  of  farm  crops.  ' 

Net  Returns-Over- Variable  Expenses  (Costs)  —  Gross  Receipts  minus  Variable 
Expense sT    (Costs)  (see  Appendix  Tables  k  and  5)-    This  item  may  appear 
as  Net  Returns-Over- Variable  Expenses  (Costs)  for  a  single  crop  acre,  or 
as  Farm  Net  Returns-Over -Variable  Expenses  (Costs)  representing  the  total 
for  an  entire  farm. 

( Continued  on  next  page . )  ' 
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according  to  the  various  farm  sizes,  and  farm  service  agencies  to  collect 
information  on  production  materials  and  services,  marketing  practices,  ser- 
vices, and  costs,  and  other  relevant  data.    Information  from  farmers  included 
basic  organizational  and  operational  data:    farm  acreages  "by  use;  irrigation 
facilities,  quantities  of  water  available  and  seasonal  timing;  specific  power, 
machinery,  and  equipment  items  and  dollars  invested  in  each;  irrigation  and 
other  production  practices;  extent  of  dependence  upon  custom  or  rental  ser- 
vices, their  sources,  and  costs;  overhead  requirements  and  costs  not  readily 
assigned  to  individual  enterprises.    Farmer  service  agencies  supplied  price 
and  cost  information,  much  information  on  materials  and  practices  used  in 
production  and  marketing  farm  products,  and  important  assistance  in  preparing 
estimates  for  crop  acreages,  yields,  and  other  aspects  of  Tulare  County 
agriculture. 

University  of  California  researchers  and  Agricultural  Extension  workers, 
as  well  as  scientists  and  technicians  in  the  United  States  Department  of 
Agriculture,  the  Geological  Survey,  and  other  federal  agencies,  and  in  the 
California  Department  of  Water  Resources  and  other  State  divisions,  supplied 
much  valuable  information,  particularly  on  the  over-all  water  supply  situation 
in  the  stvidy  area  and  the  fundamental  factors  affecting  it. 

The  first  major  task  in  the  analysis  under  this  study  was  to  synthesize 
the  five  farm  models  used  for  this  purpose.    The  procedure  in  this  synthesis 
was  to  specify  the  major  characteristics  of  each  farm  size,  according  to  the 
information  outlined  above,  with  the  aim  of  assuring  that  each  model  accurate- 
ly reflects  modal  tendencies  in  these  characteristics  for  the  comparable  farms 
in  the  study  area.    Similarly,  production  technology,  farm  practices,  calendars 
of  operation,  and  other  aspects  of  farm  operation  are  specified  to  typify  condi- 
tions and  operations  in  the  study  area. 


\J    ( Continued  from,  previous  page . ) 

Net  Farm  Income  —  Net  Cash  income  plus  (or  minus)  inventory  changes  on  non- 
capiteil  items  and  minus  noncash  fixed  costs  (not  including  interest  on 
investment).    Any  unpaid  labor  contributed  by  the  farm  operator  is  not 
included  in  the  farm  expenses. 

Profit  (Capital  and ' Management  Income)  —  Net  Farm  Income  minus  the  value  of 
any  unpaid  labor  (including  operator' s ) . 

Management  Income  —  Profit  less  6  percent  on  the  total  farm  capiteil.  The 
residual  (and  it  may  well  be  negative)  is  payment  for  the  operator's  mana- 
gerial ability  and  services. 

Rate  Earned  —  Profit  (Capital  and  Management  Income)  expressed  as  a  percentage 

of  the  farm  capital. 
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1.  Soil  and  Water  Re  source  s.--.Bttsic  physiCfiiL  determinant!-  remain  in  the 
same  proportions  for  each  o!  the  five  farm  sizes  analyzed.    Farmland  is 
classified  as  70  percent  Chino  clay  loam  (Grade  l)  and  30  percent  Traver 
fine  sandy  loam  (Grade  II )  soil.     Both  underground  and  surface  sources 
contribute  to  the  total  quantities  available,  whli^.h  vary  from  month  to 
month.    Thus  underground,  or  pumped  water  quantities  vary  from  J. 97  gallons 
per  minute  per  acre  in  the  spring  months  to  7.6  gallons  at  mid-season,  to 
7.06  gallons  in  the  late  summer.    To  such  quantities  are  added  available 
surface  supplies:     .073  acre-feet  per  acre  in  March,  .C88  in  April,  .30U 

in  May,  and  .O89  in  June.  •  I 

2.  Power,  Machinery,  and  Labor. — Rates  of  accomplishment  for  different  sized 
pieces  of  equipment  and  variations  in  the  amount  of  work  to  be  done  explain 
wide  differences  between  machinery  lines  among  the  five  farm  sizes.  Machinery 
and  equipment  inventories  for  each  farm  model  essentially  are  for  row-crop 
agriculture,  although  some  provision  is  made  for  hay  and  small  grains  (see 
Table  l).    At  the  two  extremes,  equipment  inventories  for  the  80-acre  farm 
include  no  harvesting  equipment  other  than  a  mower  and  rake,  while  the 
1,280-acre  unit  is  fully  equipped  to  harvest  all  crops  grown.    The  latter 
size  includes  a  hay  baler,  combine,  and  sugar  beet  digger.    All  farms  larger 
than  the  80-acre  unit  include  cotton  harvesters  adequate  to  meet  farm  require- 
ments.   This  analysis  makes  no  provision  for  off- farm  contract  operations 

by  workers  and  equipment  on  any  of  these  five  analytical  models;  thus  all 
use  and  related  costs  for  the  equipment  inventories  are  identified  with  the 
respective  farm  models.  ^ 

A  resident  farm  labor  force  is  indicated  for  each  of  the  five  farm  sizes 
(see  Table  l).    Additional  labor  needed  during  peak  seasons  is  provided 
through  part-time  or  seasonal  employees,  at  a  standard  rate  of  $1.25  per  hour. 

3.  Crops,  Acreage,  Limitations,  and  Cropping  Systems. — Crops  considered  in 
this  analysis  are  those  most  commonly  found  on  farms  in  the  San  Joaquin 
Valley  Eastside:    cotton,  cantaloups,  sugar  beets,  alfalfa  hay,  grain  sorghum 
(milo),  blackeye  beans,  and  barley.    In  addition  to  these  seven  possible 
components  of  a  cropping  system,  a  barley-grain  sorghum  double  cropped  com- 
bination represents  an  eighth  enterprise.    Among  these  eight  possible  enter- 
prises, cotton,  alfalfa  hay,  and  barley  are  the  most  common,  cantaloups 
definitely  represent  a  speciality  crop,  grown  by  relatively  few  producers. 
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TABI£  1 

Faxn  Real  Estate,  Operating  Equipment,  Investments,  and  Permanent 


labor  Supply,  Five  Rann  Sizes 


Land 

Raw  land 
Cost  of  leveling 
TOTAL 


Improvements 
Tractor  shed 
Storage  and  shop 
Fuel  storage 
Gas 

Diesel 
Grain  storage 
Shop  equipment 
Labor  housing 

TOTAL 


Irrigation 
Pumps 
Pumps 
Wells 
Wells 
Pipeline 
Pipelines 
Stands 
Vents 

Alfalfa  valves 
Siphons 

Irrig.  Improve 
TOTAL 

REAL  PROPERTT  T0TAI5 

Power 

Tracltlayer 
Tracklajrer 
Wheel  tractor 
Wheel  tractor 


Trft" sportation 
Pickup 
Trucks 
TOTAL 

Trailers 


Low-bed 

Equipment 

Cotton 

Fuel  and  service 


Machinery 
Landplane 
Scraper 
Ditcher 
Subs oiler 
Chisel 

Plow,  2-way,  1 
Disk  plow 
Lister  plow 


Dis 
Disks 

Cultipackers 
Cultipackere 
Spike tooth  harrow 
Border  disk 
Planter 
Cultivators 
Stalk  cutter 
Grain  drill 
Mower 
Rake,  SD 
Cotton  picker 

Combine 
Baler 

Bale  loader 
Grain  elevator 
Sugar  beet  harvester 
TOTAL 

Power ,  transportation , 
and  machinery 
TOTAL 

ALL  PROPERTy  TOTAIfi 

Permanent  labor  force 
Operator 
Foreman 

Full-time  labor 


*500/A 

$ioo/a 


350  gal. 
550  gal. 


30  HP 
16"  X  678' 


14" 
8'  X  36" 


25  HP 
35  HP 


3/4  T 


2-row 
8'  sec. 


2-row 
2-row 


1,320" 


2 
10 
75 


1  (used) 
1 


Avg. 
invest. 


to, 000 
8,000 

W,000 


250 
625 


2,398 
4,833 

673 

28 
18 
n 
75 

1,623 

9,725 

58,722 


912 
1,715 


1,314 
3,941 


75 
175 


90 
400 


200 
60 


250 
225 


238 
320 


3,045 


6,986 
67,708 


160  I 


$500/A 

$ioo/a 


20  HP 

30  HP 
16"  X  678' 
12"  X  4l0' 

14" 

8'  X  36" 
8»  X  8" 

10" 
2"  X  3" 


25  HP 
35  HP 


3/4  T 


T  &• 


h-Tov 
2-row 


l-row 
(used) 


2 
it 
20 
150 


Avg- 

Invest. 


60,000 
16,000 
96,000 


375 
750 


100 
1,293 


1,562 
2,396 
lt,833 
l,ltl8 
1,3116 

56 
36 
155 
150 
2,30li 
14,258 
111,551 


1,460 
3,565 


1,375 
6,400 


112 
4oo 


75 
112 
500 
437 
338 

238 
320 


6,007 


12,407 
123,958 


teoo/A 

tlOO/A 


550  gal. 
550  gal. 


45  HP 

20  HP 
16"  X  678' 
12"  X  410' 
16" 

8'  X  36" 
8'  X  8" 

10" 
2"  I  3" 


25  HP 
35  HP 


3/4  T 


10' 
5' 


4-rcrw 
12' 

12' 

4' 

4-row 
4-row 
2-row 


1 

5,280' 

4 
4 
40 
300 


Avg. 
Invest. 


160,000 
32,000 
192,000 


625 
1,000 

67 
67 

375 
4,000 
6,134 


5,275 
1,562 
9,776 
1,413 
2,851 


36 
310 
300 
4,047 
25,660 
223,794 


5,840 

3,060 
3,705 


2,990 
15,595 


375 
200 


325 
412 


112 
700 


120 
112 
500 
875 
337 

237 
320 


11,625 


27,220 
251,014 


640  I 


$500/A 
*100/A 
♦600/A 


550  gal. 
550  gal. 


45  HP 
678' 

14" 
18" 
36" 

5" 
14" 

2" 


35  HP 
25  HP 


3/4  T 
1-1/2  T 


10' 


:  40 


10' 

54" 
2-sbank 

12' 
2  -  16" 

4-row 

18' 
7-1/2' 


4-rov 
4-row 
2-row 
10' 
7' 


640A 


5 
5 

10,560 
6,600 
8 
24 
248 
600 


Avg. 

Invest. 


320,000 
64,000 
384,000 


625 
2,000 

67 

67 

500 
12,000 
15,259 


13,187 
24,415 

4,910 
4,389 
276 
206 
3,900 
600 
8,448 
60,331 
459,590 


9,781 

5,762 
3,147 


4,660 
2,081 
25,431 


250 
250 
1,800 


1,350 
375 
200 

700 
600 

412 

113 

1,025 

400 

437 

125 
112 
500 
875 
336 
400 

237 
320 

10,045 


20,664 


45,795 
505,885 


1,280  I 


$500/A 
$100/A 
t600/A 


1,000  gal. 
1,000  gal, 
500  T 


45  HP 
6T8' 

14" 
18" 
36" 

5" 
14" 

2" 


110 
45 
35 

25 


3/4  T 
1-1/2  T 


3-Bbank 

12' 
4  -  18" 
6  -  22" 
4-row 

18' 

12' 

20' 

14' 
4' 

4-row 
4-row 
4-row 
12' 
7' 


10 

21,120 
13,200 
16 
48 
496 
1,200 


Differences  In  average  investment  for  the  sane  machine  on  different  size  farms  is  due  to  the  assumptions  used  concerning  average  life  and  salvage  value. 
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vhile  sugar  beets  and  tlackeye  beeins  occasionally  appear  in  cropping  plans. 
We  include  cantaloups  to  represent  high  net  return  crops  as  a  group;  no  one 
of  the  several  possible  alternatives  in  this  group  accounts  for  a  sizeable 
acreage  in  Tulare  Coiinty.    A  number  of  field  crops  are  subject  to  govern- 
ment or  other  acreage  limitations.    Thus  acreage  allotments  under  the  price 
support  programs  limit  cotton  to  about  33  percent  of  the  cropland;  a  re- 
striction exists  during  some  years  for  sugar  beets.    Considering  this  fact, 
plus  rotational  requirements  in  the  interest  of  pest  control,  sugar  beet 
acreage  in  this  study  is  limited  to  a  maximiim  of  12  percent  of  the  cropland. 
Special  problems  and  arrangements  in  marketing  for  cantaloups,  and  concerning 
the  breadth  of  the  market  and  price  tendencies  for  blackeye  beans  are  recog- 
nized in  this  study  by  arbitrary  upper  limits  for  these  two  crops  at  15  and 
35  percent,  respectively,  of  cropland.  | 

We  also  deemed  it  necessary  in  this  study  to  recognize  the  more  impor- 
tant variations  among  farms  in  the  study  area  in  the  range  of  alternative 
crops  and  the  combinations  of  these  within  which  farm  operators  must  plan 
their  cropping  programs.    Thus  we  grouped  these  eight  alternative  enterprises 
into  three  different  sets  of  alternative  crops: 

A.  Includes  all  alternative  crops. 

B.  Excludes  cantaloups. 

C.  Excludes  cantaloups  and  sugar  beets.    Later  references  to 
this  classification  designate  t.he  three  sets  of  alternative 
crops  as  cropping  systems  A,  B,  and  C,  or  as  cropping 
alternatives  A,  B,  and  C. 

Detailed  analyses  for  each  of  the  five  models,  directed  towards  major  objec- 
tives of  this  study,  include  optimum  solutions  under  varying  conditions  for 
each  of  these  three  alternative  systems.    This  analytical  approach  should 
contribute  importantly  to  increasing  the  range  of  application  of  results, 
from  the  individual  farm  viewpoint.  | 

k.    Crop  Yields  and  Irrigation  Practices. — Yields  occupy  an  important  place 
in  the  economics  of  profitable  irrigated  farming.    It  was  necessary  for  pur- 
poses of  this  analysis  to  obtain  the  most  realistic  yields  possible  for  each 
of  the  several  crops  for  each  applicable  combination  of  soil  and  irrigation 
practice  for  each  farm  model.    These  estimated  yields  reflect  a  combination 
of  available  experimental  results  and  considered  judgments  by  resource  and 
extension  workers  in  the  fields  of  irrigation  and  related  plant  sciences. 
The  same  yield  pattern  applies  to  each  of  the  five  farm  sizes. 
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Actual  yields  selected  for  each  of  the  soil- crop- irrigation  treatment 
combinations  represent  a  percentage  of  an  estimated  potential  yield  that  can 
be  expected  from  a  specified  irrigation  practice  on  that  particiilar  soil. 
The  detailed  explanation  of  methods  used  in  preparing  these  estimates  appears 
in  the  first  report  in  this  series.^ 

Total  Fam  Fixed  Costs  Average  About  $100  per  Acre 

Fixed  costs  include  both  cash  and  noncash  items  (see  Table  l).  The 

principal  items  in  the  first  category  are  eud  vaJ-orem  taxes  on  farm  property, 

2/ 

insurance  premiums,  demand  chsjges  on  irrigation  pumps,-'   and  irrigation 
district  assessments.    Other  cash  fixed  costs  include  such  items  as  social 
security  and  workmen's  compensation  insurance  premiums  on  employees,  office, 
acco\inting,  and  other  overhead  managerial  expenses,  plus  any  hired  super- 
visory personnel,  not  charged  directly  to  production  enterprises. 

Depreciation  on  capital  investments  other  than  land  (including  outlays 
for  leveling)  and  interest  on  average  capital  investments  for  all  farm 
property  are  the  principeil  noncash  fixed  costs  items 

Total  fixed  costs  for  the  five  farm  sizes  in  this  study  range  from 
approximately  $8,500  per  year  for  the  80-acre  unit,  to  $132,000  for  the 
1,280-acre  farm  (see  Table  2).    In  comparison,  the  ratio  of  total  fixed  cost 
for  these  extreme  sizes,  at  I5.6  to  1,  is  slightly  lover  thein  the  avereige 
ratio  (16  to  1).    Both  annual  totals  represent  sizeable  cost  loads  for  the 
final  net  re turns -over- variable  expenses  to  cover  before  the  operator  can 
obtain  returns  for  his  own  supervision,  management,  and  risk  asstimption. 
The  amounts,  in  dollars  per  acre,  are  approximately  $1C6  for  the  80-,  vs. 
$103  for  the  1,280-acre  farm  model. 

We  excluded  fixed  costs  from  the  linear  programming  analysis  in  this 
study.    We  considered  them  and  their  effects  after  determining  optimum  solutions 

1/    Hedges  and  Moore,  Economics  of  On-Farm  Irrigation  Water  Availability 
and  Costs  and  Related  Farm  Adjustments.    1.    Enterprise  Choices,  .  .  .  , 
pp.  33-36,  and  Appendix.    See  also  Appendix  Tables  k  and  5  this  report. 

2/    Some  might  question  demand  charges  on  irrigation  pump  motors  as  fixed 
costs,  but  this  classification  is  appropriate  for  this  study.    These  analyses 
are  based  on  the  farm  models  as  going  concerns;  operators  on  such  farming 
units  commit  themselves  in  advance  for  demand  charges  on  pumping  motors  if 
power  is  connected. 

3/    See  Appendix  Table  1  for  methods  used  in  calculating  fixed  costs  on 
capital  items. 
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TAELE  2 


Sunnnary  of  Fixed  Costs,  Five  Farm  Sizes 


80  acres 

160  acres 

320  acres 

614-0  acre 

3 

1, 

280  acres 

Non- 

Non- 

Non- 

Non- 

Non- 

Item 

cash 

Cash 

Total 

cash 

Cash 

Total 

cash 

Cash 

Total 

cash 

Cash 

Total 

cash 

Cash 

Total 

dollars 

Property 

T 

2,800 

780 

3,580 

5,760 

1,560 

7,320 

11,520 

3,120 

\k,Gko 

23,Ol4-0 

6,2l<-0 

29,280 

46, 080 

12  48o 

S8  560 

Labor  housing 

160 

5i)-0 

120 

660 

1,620 

360 

1,980 

3,770 

'850 

4,620 

130 

30 

179 

37 

216 

326 

63 

389 

1+90 

91^ 

58I+ 

1,072 

205 

1,277 

T  8s 

Dip 

i,  i-i-D 

't,  £?JO 

0,579 

1,196 

9,775 

17,156 

2,357 

19,513 

Irrigation  (added) 

21k 

36 

310 

21k 

36 

310 

692 

91 

783 

l,i+75 

19!^ 

1,669 

2,950 

390 

3,3^+0 

Machinery  and  equipment 

1,721 

258 

1,979 

3,kOk 

k\k 

3,818 

7,086 

933 

8,019 

12,181 

1,671^ 

13,885 

25,287 

3,313 

28,600 

Subtotal 

6,355 

1,289 

7, 61^4 

11,700 

2,320 

lit,  020 

23,880 

i^,8l9 

28,699 

^7,385 

9,758 

57,11^3 

96,315 

19,595 

115,910 

General  overhead 

Social  Security  and 

Workmens  Compensation 

131 

131 

262 

262 

5i^5 

545 

1,360 

1,360 

2,283 

2,253 

Office,  accounts. 

and  dues 

100 

100 

200 

200 

400 

i+oo 

800 

800 

1,600 

1,600 

Irrigation  demand 

charges 

202 

202 

336 

336 

735 

735 

1,^97 

l,it97 

3,000 

3,000 

Irrigation  districts 

assessments 

koo 

llOO 

800 

800 

1,600 

1,600 

3,200 

3,700 

6,4oo 

6,400 

Supervision 

833 

833 

2,700 

2,700 

Subtotal 

1,598 

1,598 

3,280 

3,280 

6,857 

6,857 

15,983 

15,983 

TOTAL 

6,355 

2,122 

8,1^77 

11,700 

3,918 

15,618 

23,880 

8,099 

31,979 

^■7,385 

16,615 

64,000 

96,315 

35,578 

131,893 

for  maximizing  total  farms  net  returns-over- variable  expenses.    This  approach 
assvimes  that  the  physical  resources  used  in  the  farm  business  and  related 
fixed  costs  will  remain  unchanged  regardless  of  the  shifts  in  costs,  prices, 
cropping  programs,  and  other  resource  use  adjustments.    Maximizing  total  net 
returns-over-variable  expenses  for  the  entire  farm  also  will  maximize  farm 
earnings  and  profits  in  such  a  short-run  period.    It  is  possible  under  this 
method,  by  comparing  total  fixed  costs  with  this  total  net  returns  value, 
to  establish  the  "break-even"  value  for  net  returns  that  exactly  covers 
total  farm  fixed  costs.    This  break-even  point  itself,  then,  becomes  an 
important  yardstick  in  evaluating  farm  earnings  performance.    Farm  profits 
and  other  earnings  measures  eilso  are  calculated,  using  total  farm  net  returns- 
over-  vaariable  expenses  and  total  farm  fixed  costs,  in  conjunction  with  im- 
puted estimates  for  interest  on  capital  and  the  value  of  the  operator's  labor 
at  going  market  rates. 

Alternative  Crops  Vary  Widely  in  Gross  Receipts,  Variable 
Expenses,  and  Net  Returns  per  Acre 

Net  returns-over- variable  expenses  for  a  single  acre  of  a  crop  were 
critical  for  this  study Our  crop  budgets  covering  the  five  farm  sizes 
and  the  various  crops  on  different  soil  types  under  four  possible  irrigation 
treatments,  reveal  wide  variation  in  net  returns  per  acre  (see  Table  3)- 
Within  the  entire  range  of  crops,  cantaloups  and  cotton  show  the  highest  net 
returns -over- variable  expenses,  and  barley  the  lowest  for  every  farm  size. 
On  the  Chino  (Grade  l)  soil,  cotton  occupies  two  of  the  top  three  places, 
according  to  net  returns  per  acre,  for  all  size  groups  except  the  80-acre 
unit,  and  these  are  first  and  second  places  for  all  sizes  except  the  l60- 
acre  model.    Cantaloups  show  higher  net  returns  than  cotton  on  the  Traver 
(Grade  II)  soil&r  all  fai-m  sizes.    Thus  cantaloups  rank  first  and  second 
among  two  cotton  and  two  cantaloup  irrigation  treatments  for  the  three  smaller 
farm  sizes  and  first  and  third  for  the  6kO-  and  l,280-acre  units.    Sugar  beets, 
although  showing  distinctly  lower  net  returns  per  acre  than  the  top-ranking 
two  crops,  are  the  next  most  profitable  on  the  Chino  soil  for  which  they  are 
adapted.    Both  irrigation  treatments  for  this  crop  rank  next  in  order  after 


1/  See  Appendix  Tables  2  and  3  detailed  variable  expense  calculations. 
Appendix  Tables  h  and  5  for  net  retums-over-variable  expenses  data. 
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TABLE  3 

a/ 

net  Returns  Per  Acre  for  IVo  Soil  Types  by  Crop  and  Irrigation  Treatment,  Five  Farm  Slzes-^ 


Crop 


Irr. 

treat- 
ment 


bo  acres 

160  acres 

^20  ac 

•res 

Chino  soil 

Traver  soil 

Ciiino  soil 

Traver  soil 

Chino  soil 

Traver  soil 

Sross 

Variable 

IJet 

Gross 

Variable 

Het 

Gross 

Variable 

Ket 

Gross 

Variable 

Ket 

Gross 

Variable 

Ket 

Gros  s 

Variable 

Ket 

recei'Dts 

exoenses 

returns 

receipts 

expenses 

returns 

receipts 

expenses 

returns 

receipts 

expenses 

returns 

receipts 

expenses 

returns 

receipts 

expenses 

returns 

dollars 

197 

113 

81* 

197 

115 

82 

197 

113 

81* 

195 

112 

88  - 

201 

111* 

87 

195 

112 

83 

201 

111* 

87 

195 

111 

81* 

201 

111* 

87 

18!* 

109 

T5 

19!* 

112 

82 

18I* 

109 

75 

19!* 

112 

82 

18I* 

109 

75 

I9I* 

112 

82 

68 

5!* 

ll* 

61 

52 

8 

68 

57 

11 

61 

56 

5 

68 

53 

15 

61 

53 

8 
1*0 

168 

117 

51 

161* 

127 

37 

168 

117 

51 

i6i» 

130 

3!* 

168 

112 

56 

164 

121* 

162 

111* 

1*8 

161  . 

125 

36 

162 

111* 

1*8 

161 

125 

36 

162 

109 

52 

161 

120 

39 

168 

98 

69 

168 

96 

72 

168 

93 

75 

17I* 

100 

71* 

ll*!* 

96 

1*6 

I7I* 

98 

76 

11*1* 

97 

1*7 

171* 

95 

79 

ll*l* 

93 

51 

163 

96 

67 

138 

95 

163 

95 

68 

138 

93 

1*5 

163 

91 

72 

138 

89 
1*85 

1*9 

730 

515 

215 

676 

1*96 

180 

730 

513 

217 

676 

1*91* 

182 

730 

505 

225 

676 

191 

68!* 

1*89 

195 

650 

1*77 

173 

681* 

1*87 

197 

650 

1*75 

175 

6SI* 

1*79 

205 

650 

1*67 

183 

1*20 

229 

191 

1*20 

198 

222 

1*20 

186 

23I* 

1*11 

226 

185 

363 

218 

1*11 

196 

215 

362 

193 

169 

1*11 

18I* 

227 

363 

181 

182 

383 

217 

166 

31*8 

212 

136 

383 

191 

192 

31*8 

189 

159 

383 

178 

205 

31*8 

177 

171 

100 

65 

35 

103 

78 

25 

100 

63 

37 

103 

77 

27 

100 

63 

37 

103 

76 

27 

91* 

62 

32 

91. 

■61 

33 

91* 

61 

33 

306 

205 

101 

306  ■ 

203 

103 

306 

19I* 

112 

287 

201 

86 

287 

199 

87 

287 

190 

97 

Alfalfa  hay 
Alfalfa  hay 
Alfalfa  hay 
Barley 
Barley/G.  S. 
Beurley/G.  S. 
B.  eyed  beans 
B.  eyed  beans 
B.  eyed  beans 
Cantaloups 
Cantaloups 
Cotton 
Cotton 
Cotton 

Grain  sorghum 
Grain  sorghum 
Sugar  beets 
Sugar  beets 


80-100 
80 
100 

80 
100 
80-100 

80 
100 

80 

100 

60 
80 

100 

80 

100 

80 

100 


61*0 


1,280  acres 


Alfalfa  hay 
Alfalfa  hay 
Alfalfa  hay 
Barley 
Barley/G.  S. 
Barley/G.  S. 
B.  eyed  beans 
B.  eyed  beans 
B.  eyed  beans 
Cantaloups 
Cantaloups 
Cotton 
Cotton 
Cotton 

Grain  sorghum 
Grain  sorghum 
Sugar  beets 
Sugar  beets 


80-100 

197 

112 

85 

197 

89 

108 

80 

195 

112 

83 

201 

115 

86 

195 

86 

109 

201 

90 

112 

100 

181* 

109 

75 

194 

no 

81* 

18I* 

85 

99 

191* 

89 
1*1+ 

105 

68 

1*9 

19 

61 

1*9 

12 

68 

1*1* 

21* 

61 

17 

80 

168 

106 

62 

168 

95 

73 

100 

162 

103 

59 

160 

113 

1*7 

162 

92 

69 

160 

103 

57 

80-100 

168 

91 

77 

168 

91 

77 

80 

174 

93 

ol 

ll+l* 

91 

53 

171* 

93 

81 

11*1* 

92 

51 

100 

163 

89 

71* 

I3S 

89 

1*9 

163 

89 

71* 

138 

89 
1*78 

1*9 

80 

730 

1*98 

232 

676 

1*78 

198 

730 

1*98 

232 

676 

196 

100 

681* 

1*72 

212 

650 

1*60 

190 

681* 

1*72 

212 

650 

1*60 

190 

60 

1*20 

171 

21*9 

1*20 

171 

2l*9 

80 

1*11 

169 

21*2 

363 

166 

197 

1*11 

169 

2l*2 

363 

166 

197 

100 

383 

163 

220 

31*8 

162 

136 

383 

163 

220 

31*8 

162 

186 

80 

100 

60 

1*0 

100 

51 

1*9 

100 

91* 

58 

36 

99 

67 

32 

oi* 

50 

!»J* 

99 

59 

1*0 

80 

306 

188 

U8 

306 

15S 

l!*8 

100 

287 

183 

lOl* 

267 

156 

131 

a/  Gross  receipts  less  variable  expenses,  water 
at  $3.00  per  acre-foot. 


cotton  and  cantaloups  for  all  five  sizes  except  the  80-acre  model,  on  which 
alfalfa  hay  displaces  one  sugar  beet  treatment  in  ranking  order.  Alfalfa 
hay  and  blackeye  beans  follow  next  in  order  after  sugar  beets,  according  to 
net  returns,  for  all  farm  sizes,  with  alfalfa  hay  showing  slightly  greater 
net  returns-over- variable  expenses.    In  addition  to  barley,  grain  sorghum 
and  barley-grain  sorghum  double -cropped  combinations  show  sharply  lower  net 
returns  than  any  of  the  other  crops. 

Yields,  plus  costs  and  prices  per  yield  unit,  are  responsible  for  deter- 
mining absolute  and  relative  net  returns  per  acre  among  these  crops .-^  Irri- 
gation water  requirements  per  acre  and  variable  expenses  per  acre-foot  for 
this  resource,  in  turn,  exert  important  influence  on  changes  in  cost  per  acre, 
and  per  yield  unit,  for  individual  crops.    This  is  why  differences  in  quanti- 
ties of  water  available,  or  in  variable  cost  per  acre-foot  for  available  water, 
can  cause  changes  in  crop  choices  and  in  acreage  allocations,  among  the  range 
of  alternative  crops  within  a  given  cropping  system. 

VAitEATIONS  IN  IRRIGATION  WATER  COSTS  SHARPLY  AFFECT  FARM  WATER  USE, 
RESOURCE  ALLOCATIONS,  AND  TOTAL  FARM  NET  RETURNS 

Water  Cost  Variations  Stimulate  Changes  in  Cropping 
Programs  and  Resource  Allocations 

A  farm  operator's  demand  for  irrigation  water  arises  from  his  belief 
that  by  using  this  resource  he  will  be  able  to  increase  his  profits.    If  this 
operator  has  full  and  accurate  knowledge  of  relevant  facts  and  relationships, 
he  will  limit  the  quantities  that  he  is  willing  to  purchase  to  those  that  he 
can  obtain  at  prices  consistent  with  his  goal  —  to  maximize  profits.  He 
will  xindertake  to  regulate  his  water  purchases  by  weighing  the  added  cost 
of  each  additional  quantity  of  water,  e.g.,  an  acre-foot,  against  the  added 
dollar  return  he  expects  to  accrue  if  he  does  add  that  last  unit.  Other 
factors  that  a  grower  must  consider  in  deciding  expectations  with  respect  to 
net  retvims  include,  weather,  price,  and  yield  uncertainties.    He  will  govern 
his  willingness  to  pay  (say)  three  dollars  to  purchase  and  apply  the  last 
acre-foot  of  water  according  to  whether  or  not  he  expects  the  sales  value 

1/    See  Appendix  Table  k  for  prices  and  yields  used  in  this  study. 
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of  the  product,  added  by  applying  this  last  acre-foot  of  water  to  equal  three 
dollars  or  more.    The  cost  for  £in  additional  increment  of  water  (and/or  other 
scarce  resource) becomes  highly  critical  in  a  manager's  decisions  regarding 
added  water  purchases  and  applicationr  as  water  costs  rise.    A  profit-seeking 
manager  will  not  be  willing  to  pay  more  dollars  for  this  added  quantity  than 
he  expects  to  realize  from  the  resulting  production. 

It  was  important  in  this  analysis  to  examine  changes  in  production  as 

irrigation  water  prices  (variable  costs)  varied  from  zero  to  about  $30  per 

acre-foot.^    For  this  examination  we  calculated  variable  cost  programming 

2/ 

solutions  for  each  of  the  five  farm  sizes  studied.-'     The  initial  solution 
for  each  farm  size  at  zero  charge  for  irrigation  water  of  variable  expenses 
indicates  optimum  crop  choices  and  resource  allocations  with  water  as  a  free 
resource  (good).    New  combinations  of  crops,  and  different  relative  acreages 
become  optimum  as  the  price  (variable  cost)  for  water  increases  from  zero 
to  the  $30  per  acre-foot  level.    The  result  is  a  series  of  water  quantity- 
price  combinations,  each  of  which  represents  an  optimum  solution  under  the 
specified  conditions.    The  entire  series  for  each  farm  size  represents  a 
"stepped"  demand  schedule.    These  steps  are  not  uniform  for  any  one  farm 
size  and  are  not  necessarily  parallel,  among  the  give  farm  sizes  (see  Figure 
2).    Many  variations  appear  in  the  relationship  between  change  in  price  and 
quantity  of  water  from  one  step  to  the  next.    One  particular  combination  of 
crops  and  relative  acreages  may  remain  optimum  over  a  relatively  wide  price 
range;  another  combination  may  be  effective  for  only  a  very  narrow  price 
variation.  | 

Fundamental  biological  and  economic  variations  among  crops,  in  how  soils 
and  climate  affect  crop  performance  and  yield,  and  in  production  technology 
explain  changes  in  cropping  programs  accompanying  optimum  solutions  as  water 

1/    A  simple  procedure  vrLll  determine  fixed  and  total  costs  for  irrigation 
water  at  the  pump  head  or  farm  gate,  using  appropriate  estimates  for  irriga- 
tion water  variable  expenses.    Annual  fixed  or  overhead  costs  for  pumping  irri- 
gation water  under  conditions  of  this  study  on  the  61+0-acre  general  crop  farms, 
for  example,  total  $13,797  (these  costs  do  not  include  allowances  for  farm 
distribution  systems).    The  rate  per  acre-foot  will  vary  inversely,  according 
to  the  quantities  pumpedj  at  3,000  acre-feet,  the  fixed  cost  per  acre-foot 
is  $4.60;  at  2,500  this  cost  increases  to  $5.52;  at  2,000  acre-feet,  it  reaches 
$6.90  per  acre-foot;  and  at  1,500,  $9.20  per  acre-foot.    Total  water  cost  per 
acre-foot  equals  these  fixed  costs,  plus  outlays  for  irrigation  water  variable 
expenses.    Hhus  at  $3.00  per  acre-foot  for  this  latter  item,  total  costs  under 
the  above  range  of  fixed  costs  will  vary  from  $7.60  to  $12.20  per  acre-foot. 
Similar  estimates  can  be  prepared  for  alternative  quantities  of  water  and  for 
other  levels  of  irrigation  water  variable  expenses. 

2/    Hesuiy,  Earl  0.,  and  W.  Candler,  op.  cit . ,  p.  758- 
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Figure  2 


Farm  Demand  For  Irrigation  Water,  Five  Farm  Sizes 


I 

ro 
I 


56     60     64  68 


Quantity  of  Water  in  Acre  Feet 
(in  hundreds) 


prices  vary.    Farmers,  acting  in  their  ovm  self  interest  in  an  effort  to 
maximize  farm  net  returns  or  profits,  adjust  to  increasing  irrigation  water 
cost  by  a  series  of  steps.    First,  they  use  drier  irrigation  treatments  on 
the  crops  in  their  cropping  programs,  as  long  as  this  adjustment  is  effective 
in  making  the  dollar  returns  to  the  last  increment  of  water  equal  to  the  cost 
for  this  increment.    Second,  these  farmers  shift  from  heavy  water-use  crops 
to  others  with  lower  total  water  requirements.    Third,  when  lower  quality 
soils  no  longer  are  capable  of  retiirning  gross  receipts  sufficiently  high  to 
cover  variable  expenses,  operators  leave  this  less  productive  land  idle. 
Fourth,  they  will  plant  only  the  crops  that  are  capable  of  paying  for  the 
higher  priced  water  on  even  the  higher  grade  land,  leaving  portions  of  this 
soil  idle.    Fifth,  if  water  cost  reaches  such  levels  that  even  the  highest 
net  return  crops  on  the  most  productive  soils  are  unable  to  cover  variable 
cost,  farm  operators  will  exercise  their  final  adjustment;  they  will  abandon 
farming  and  go  out  of  business.    This  final  drastic  step  usually  will  be  taken 
only  as  a  last  resort,  and  after  highly  adverse  conditions  have  existed  for 
sometime.    Characteristically,  farm  operators  "use  up  their  capital"  and 
contribute  their  own  ajid  other  family  labor  at  little  or  no  returns  during 
this  interim  period  before  finally  going  out  of  business. 

A  careful  examination  reveals  that  operators  on  these  various  farm  sizes 
reduce  water  use  about  equally  in  response  to  changes  in  water  costs,  althovigh 
this  may  not  be  obvious  at  first  glance  from  a  comparison  of  the  80-,  and 
1,280-acre  farm  (see  Figure  2  and  Table  h).    This  relationship  is  more  evident, 
however,  after  multiplying  the  length  of  each  horizontal  step  for  the  80-acrefarm 
demand  schedule  by  I6  (l,280  divided  by  80  =  I6).    All  demand  schediales  feature 

1/    The  initial  report  in  this  series  includes  a  detailed  analysis  of  how 
these  steps  operate  on  a  61|0-acre  general  crop  farm  in  the  San  Joaquin  Valley 
Eastside  as  farm  operators  adjust  to  successively  higher  water  prices.  This 
analysis  shows  crop  choices  and  other  land  use,  such  as  idle  land  and  acreages 
in  each,  by  soil  grades  for  each  of  a  series  of  five  cropping  programs  adopted 
as  water  prices  rise.    This  6to-acre  model  is  the  same  as  the  one  representing 
that  size  group  in  this  analysis.    Close  similarities  among  these  stepped  de- 
mand schedules  for  this  model  and  the  other  four  sizes  indicate  that  the  above- 
cited  five  steps  whereby  farmers  adjust  to  increasing  water  costs  apply  generally 
to  all  five  farm  sizes  in  this  report.    For  actual  data  on  the  6itO-acre  model 
and  more  detailed  analysis,  see  Hedges  and  Moore,  Economics  of  On-Farm  Irriga- 
tion Water  Availability  and  Costs  and  Related  Farm  Adjustments.    1.  Enterprise 
Choices,  .  .  .  ,  pp. 
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TABLE  k 

Variations  in  Dross  Receipts  Less  Variable  Expenses  and  Irrigation  Water  Variable  Costs,  Five  Farm  Sizes 


80 

acres 

160 

acres 

A  B/ 

•  B  c/ 

C  5/ 

A  a/ 

B  b/ 

C  c/ 

Returns 

Irr. 

water 

Cost/ 
ac.-ft. 

Returns 

Irr. 

vater 

Cost/ 
ac.-ft. 

Returns 

Irr. 

water 

Cost/ 
ac.-ft. 

Returns 

Irr. 

vater 

Cost/ 
ac.-ft. 

Returns 

Irr. 
vater 

Cost/ 
ac.-ft. 

Returns 

Irr. 

water 

Cost/ 
ac.-ft. 

dollars 

acre- 
feet 

dollars 

dollars 

acre- 
feet 

dollars 

dollars 

acre- 
feet 

dollars 

dollars 

acre- 
feet 

dollars 

dollars 

ac  re- 
fect 

dollars 

dollars 

acre- 
feet 

dollars 

11,739 

9,749 
9,551 
9,892 
7,563 
6,620 
5,951 
5,347 
3,527 

380 

351 
348 
347 
320 
309 
189 
181 
176 

0 

5-23 
5.80 
10.56 
11.51 
14.40 
16.61 
19.81 
29.85 

10,369 
6,221  - 
6,089 
4,368 
3,301 
2,084 

4lO 
340 
337 

T_07 

155 
150 

0 

5.23 
11.51 
16.61 
22.02 
29.85 

10,045 
8,044 
4,184 
4,i4o 
2,084 

382 
344 
294 
155 
150 

0 

5.23 
16.45 
16.61 
29.86 

24,805 
20,870 
17,150 
16,550 
15,400 
13,655 
12,079 
8,690 

728 

696 
645 
644 
618 
378 
360 
351 

0 

5.40 
10.74 
11.68 
13.45 
16.27 
20.45 
29.87 

24,310 
20,550 
20,169 
16,796 
14,769 
13,530 
13,339 
10,568 
7,730 

779 
662 
630 
622 
605 
586 
460 
381 
372 

0 

4.82 
5.40 
10.74 
14.00 
16.06 
16.27 
22.43 
29.88 

23,579 
23,118 
22,365 
20,648 
20,164 
14,500 
12,926 
12,840 

7,730 

731 
730 
613 
641 
635 
619 
473 
381 
370 

0 
.64 
1.66 
4.07 
4.82 
13.74 
16.27 
16.46 
29.87 

32c 

acres 

640 

acres 

52,948 
41,437 
38,851 
33,236 
34,051 
33,746 
33,517 
33,432 
2°, 154 
2&,608 
25,075 
19,4l4 

1,519 
1,519 
1,465 
1,401 
1,377 
1,350 
1,331 
1,210 
964 

759 
720 
703 

0 

7.57 
9.28 
9.70 

12.68 
12.90 
13.07 
13.14 
16.67 
17.23 
21.89 
29.75 

47,810 

35,256 

32,430 

27,538 

26,914 

26,620 

22,737 

22,483 

22,022 

16,623 : 

13,159 

1,655 
1,654 

1,342 
1,339 
1,336 
1,200 
813 
779 
620 
599 

0 

7.57 
9.28 
12.88 
13.33 
13.56 
16.45 
16.67 
17.23 
24.17 
29-75 

46,919 
34,692 
33,180 
33,010 
32,049 
21,880 
19,239 
13,160 

l,6l4 
1,613 

1,458 
1,375 
805 
620 

599 

0 

7.57 

8.62 
9.28 
16.67 
19.9'* 
29.75 

108,403 
98,134 
96,238 
75,105 
74,009 
63,425 
61,768 
59,617 
53,666 
42,558 

3,050 
3,007 
2,807 
2,650 
2,457 
1,951 
1,926 
1,502 
1,443 
l,4o8 

0 

3.36 
3.96 
11.52 
11.88 
16.20 
17.04 
18.24 
22.08 
29.88 

95,205 
86,215 
84,320 
61,630 
50,004 
49,452 
48,068 
46,253 
35,003 
29,515 

3,232 
3,205 
2,727 
2,689 
2,374 
1,628 
1,626 
1,566 
l,24l 
1,198 

00 
2.76 
3.36 
11.64 
15.96 
16.20 
17.04 
18.24 
25.44 
29.88 

92,076 

84,793 
83,627 
81,972 
47,061 
46,421 
46,205 
29,515 

3,065 
2,837 
2,633 
2,762 
2,746 
1,616 
1,241 
1,196 

0 

2.40 
2.76 
3.36 
15.96 
16.20 
16.32 
29.86 

1,280  acres 

233,119 
171,320 
167,827 
118,501 
117,355 
113,239 

108, 4a 
98,699 
83,966 

6,101 
6,017 
5,615 
5,180 
4,866 
3,853 
3,337 
2,886 
2,817 

0 

10.13 
10.70 
19.49 
19.70 
20.56 
21.80 

24.72 
29.82 

210,373 
146,138 
144,889 
93,303 
89,607 
88,264 
64,198 
74,889 
58,928 
55,361 

6,460 
6,406 
5,453 
5,371 
4,729 
3,250 
3,194 
3,125 
3,o4l 
2,396 

0 

9.94 
10.13 
19.5S 
20.27 
20.56 
21.80 
24.72 
29.82 
30.99 

200,583 
143,080 
139,909 
138,817 
82,787 
81,228 
80,983 
58,171 

6,129 
5,673 
5,666 
5,523 
5,492 
3,233 
2,482 
2,397 

00 

9.37 
9.94 
10.13 
20.26 
20.56 
20.63 
29.82 

a/  A.    Includes  all  Alternative  Crops. 

b/  B.    Excludes  Cantaloups. 

c/  C.    Excludes  Cantaloups  and  Sugar  Beets. 

relatively  short  horizontal  steps  for  price  changes  below  the  $l6  per  acre- 
foot  water  variable  expense  level.    These  reflect  such  adjustments  as  using 
drier  irrigation  treatments  on  crops  already  in  the  program,  and  shifting 
from  high  to  low  water-use  crops  in  new  programs.    In  contrast,  the  rela- 
tively long  step  for  all  farm  models  except  the  l,280-acre  at  $16.50  per 
acre-foot  occurs  because  a  large  portion  of  Traver  soil  (Grade  II )  is  left 
idle  at  this  cost  level;  gross  receipts  from  alfalfa  no  longer  cover  varia- 
ble expenses.    Lower  alfalfa  harvesting  costs  on  the  largest  farm  delays 
this  reaction  until  water  variable  expenses  reach  about  $20.50  per  acre-foot. 

WATER  COST  VARIATIOHS  REACT  ST1«)NGLY  OK  TOTAL  FARM  NET 
RETURNS- OVER- VARIABLE  EXPENSES  AND  PROFITS 

Results  of  a  linear  programming  analysis  in  which  variable  expenses  for 
irrigation  water  increase  over  a  range  from  zero  to  $30  per  acre-foot  reveal 
a  decidedly  close  inverse  relationship  between  irrigation  water  cost  and 
total  farm  net  retums-over-variable  expenses  (see  Figures  3,  ^,  and  5).  As 
presented  in  graphic  form,  curves  for  all  five  farm  sizes  (80-  to  1,280- 
acres),  including  each  of  the  three  farming  systems.  A,  B,  and  C  are  concave 
from  the  top,  or  dish  shaped.    This  pattern  reflects  the  common  practice  on 
all  farm  units  to  substitute  low  water-consuming  crops  for  those  requiring 
more  water,  as  water  costs  increase.    Total  farm  net  returns-less-variable 
expenses,  as  shown  on  the  vertical  axis,  include  net  returns  before  deducting 
£iny  allowance  for  fixed  costs  or  for  management  returns.    The  horizontal 
fixed  cost  (FC)  lines,  parallel  to  the  base  for  each  farm  size,  intersect 
the  respective  net  returns  curves  at  points  where  the  magnitude  of  these 
total  farm  net  returns  exactly  equals  all  fixed  costs.    Perpendiciilar  lines 
drawn  from  such  intersections  to  the  base  line  along  which  irrigation  water 
variable  ejcpenses  are  indicated,    identify  the  maximum  prices  that  farmers 
can  afford  to  pay  per  acrerfoot  for  irrigation  water  at  each  of  the  farm 
sizes  and  still  cover  all  fixed  costs  —  the  breaJc-even  points.    Total  farm 
net  returns  at  these  breali-even  points,  however,  do  not  allow  a  return  to 
the  operator  for  supervision,  management,  and  risk  assumption.    Farmers  must 
obtain  their  irrigation  water  at  lower  cost  than  break-even  levels  in  order 
to  receive  any  returns  for  these  services. 
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Figure  3 

Farm  Net  Returns  and  Irrigation  Water  Variable  Cost; 

Five  Farnn  Sizes 
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Figure  k 


Farm  Net  Returns  and  Irrigation  Water  Variable  Cost; 

Five  Farm  Sizes 
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Figure  5 


Farm  Net  Returns  and  Irrigation  Water  Variable  Cost; 

Five  Farm  Sizes 
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Two  conclusions  are  clearly  evident  from  the  data  presented  in  Figures 
3-5:    First,  a  definite  advantage  accompanying  increasing  farm  size;  it  en- 
ables farmers  to  pay  higher  prices  for  irrigation  water  and  still  cover 
fixed  costs.    Second,  farmers  able  to  produce  and  market  effectively  a  vide 
range  of  alternative  crops,  including  several  specialty  or  high-net  returns 
crops,  also  are  able  to  cover  higher  water  costs,  and  still  break  even,  than 
those  farmers  operating  systems  allowing  narrower  ranges  of  ci-op  choices 
(see  Figures  3-5  and  Table  k). 

The  importance  of  increasing  farm  size  is  clear;  under  all  three  crop- 
ping systems  the  magnitude  of  irrigation  water  costs  accompanying  the  break- 
even point  increase  consistently  with  farm  size.    The  widest  differential 
occurs  between  the  80-  and  l60-acre  models,  but  the  effect  of  increasing 
scale  in  raising  the  break-even  water  price  is  clearly  evident  in  comparing 
the  other  sizes.    These  data  also  emphasize  the  production  cost  problems 
that  operators  on  small  general  crop  farms  face;  this  is  evident  in  the  fact 
that  the  break-even  point  for  the  l,280-acre  model  comes  at  more  than  double 
the  water  prices  per  acre-foot  associated  with  those  for  the  80-acre  unit. 
Even  the  l60-acre  model  in  this  analysis  enables  farmers  to  equate  total  farm 
net  returns  with  fixed  costs  at  water  prices  almost  double  those  that  permit 
operators  on  80-acre  farms  to  break  even.  • 

The  marked  advantage  to  operators  who  are  able  to  choose  from  among  a 
list  of  alternative  crops,  including  two  or  more  that  rank  relatively  high 
in  net  returns  per  acre,  also  is  clearly  evident  in  this  analysis.  Thus, 
the  operator  on  a  l,280-acre  farm  using  System  A  can  pay  $17  per  acre-foot 
but  the  one  limited  to  the  alternatives  under  System  C  cannot  pay  more  than 
$11.60  per  acre-foot  and  still  break  even  with  total  farm  fixed  costs  (see 
Figures  3-5 )•    Comparable  data  for  the  80-acre  model  indicate  that  break- 
even water  costs  are  $7.50  ^or  System  A,  and  $3.50  per  acre-foot  for  System 
C.    The  differential  advantage  to  operators  v±th  a  choice  among  high  return 
crops  is  distinctly  greater  when  comparing  Systems  A  and  B  than  for  similar 
comparisons  between  Systems  B  and  C.    Tlais  advantage  in  favor  of  the  range 
of  cropping  alternatives  identified  as  System  A  arises  because  it  includes 
cantaloups  as  well  as  cotton,  both  of  which  crops  rank  decidedly  higher  than 
svigar  beets  in  net  returns  per  acre. 
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This  analysis  has  demonstrated  clear-cut  advantafjes  to  those  operators 
who,  first,  are  able  to  operate  farminf^  units  larce  enouch  to  obtain  cost 
reductions  associated  vlth  farm  size,  and  manage  efficiently  and,  second, 
are  in  a  position  to  plan  cropping  programs  based  on  crops  selected  from  a 
range  of  alternatives  that  includes  several  vith  relatively  high  net  return 
per  acre.    Data  alix;axiy  presented  on  variations  in  net  returns  per  acre  among 
crops  included  in  this  study  clearly  define  the  relationships  among  crops  and 
show  the  advantages  that  farmers  gain  by  producing  one  or  more  specialty  crops 
in  addition  to  cotton.    It  must  be  recognized  when  considering  this  question 
that  farmers  in  general  are  not  free  to  elect  cropping  System  A  or  B  in  prefer- 
ence to  System  C.    The  markets  for  specialty  crops  are  not  sufficiently  broad 
to  accept  all  potential  production  at  satisfactory  prices.    Actual  production 
of  such  crops,  therefore,  is  limited  to  those  producers  who  are  able  to  com- 
plete satisfactory  marketing  arrangements,  as  well  as  meet  other  special  re- 
quirements such  as  adequate  knowledge  of  production  and  harvesting  technology 
and  practices. 

The  initial  importance  of  political  and  economic  relationships  in  deter- 
mining policies  for  expanding  irrigation  water  supplies  places  the  findings 
of  this  section  in  sharp  focus.    This  is  particularly  true  of  those  relating 
to  how  size   affects  ability  to  pay  for  irrigation  water,  quantities  used  at 
alternative  prices,  and,  through  its  effect  on  quantities  and  prices,  net 
earnings.    First,  it  is  essential  to  repeat  and  emphasize  that  the  break-even 
points  cited  in  the  above  analyses  occur  at  levels  of  net  returns-over-varia- 
ble expenses  adequate  only  to  cover  totad  farm  fixed  costs;  they  include  no 
extra  margin  to  reward  operators  for  supervision,  management,  or  risk  assump- 
tion.   These  break-even  points  for  total  farm  net  returns  versus  fixed  costs 
come  at  successively  higher  water  variable  -expenses  as  the  total  size  of 
farm  operation  increases;  a  fact  that  certainly  is  pertinent  to  public  policy 
on  water  development.    V/hat  specific  meaning  this  relationship  has,  however, 
is  not  necessarily  independent;  it  depends  on  policy  decisions,  on  the  social 
philosophy  and  system  of  value  judgments  held  by  the  legislators  and/or  ad- 
ministrators who  are  responsible  for  establishing  such  public  policies. 

A  single  exajtiple  will  aid  in  bringing  this  problem  into  focus.  Thus 
consider  a  situation  in  which  advance  determinations  indicate  that  a  price 
of  $10.50  per  acre-foot,  representing  variable  expense  components  for  irriga- 
tion water  from  the  proposed  project,  will  be  adequate  to  recover  project 
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costs  appropriate  to  these  variable  expense  charges.    But,  if  the  policy- 
makers elect  to  establish  this  price,  on  the  one  hand,  according  to  the 
relationships  exliibited  in  Figures  3-5,  they  are  pricing  out  of  the  market 
for  this  new  water  all  growers  on  System  C    farms  except  those  with  the 
largest  units,  all  on  System  B  farms,  except  those  with  the  two  largest 
sizes,  and  the  80-acre  operators  on  System  A  farms.    In  contrast,  they 
are  allowing  some  range  of  profit-opportunity  above  the  break-even  points 
for  the  more  economically  capable  water  buyers  on  the  larger  and  more 
specialized  farms.    Some  persons,  therefore,  would  identify  these  net 
earnings  advantages  as  "unearned  increment."    They  might  call  for  differ- 
ential pricing  or  especially  graduated  taxes,  to  recover  such  gains.  This 
is  the  type  of  decision  area  in  which  social  and  economic  philosophy  be- 
comes critical  in  policy  determination.    The  important  shifts  since  World 
War  II  in  size  of  farms  and  farm  businesses,  and  the  increasing  relative 
importance  of  a  relatively  small  fraction  of  all  farms  in  dominating  pro- 
duction of  farm  products  for  market,  provide  general  proof  of  how  important 
scale  economies  are  in  American  agriculture.    It  is  not  surprising  that  this 
analysis,  dealing  with  water  as  one  criticgil  variable  input,  obtains  results 
consistent  with  the  over-all  trends. 

VARIATIONS  IN  TOTAL  ANNUAL  QUANTITIES  OF  IRIilGATION  WATER  AVAILABLE 
GREATLY  INFLUENCE  CROPPING  PROGRAMS,  RESOURCE 
ALLOCATIONS,  AND  TOTAL  FARM  NET  RETURNS 


Net  Returns  Vary  Directly  with  Water  Quantities 
Available,  Up  to  Optimum  Use 

The  analysis  in  this  section  concerns  itself  with  how  variations  in  the 
total  annual  quantities  of  water  available,  at  constant  irrigation  water  vari- 
able expense  per  acre-foot,  react  on  cropping  programs,  resource  allocations, 
and  net  returns-over- variable  expenses.    Thus  it  holds  price  constant  and 
examines  the  effects  of  varying  supply,  in  contrast  to  the  preceding  section 
where  the  analysis  focuses  on  price  variations,  allowing  such  price  changes 
to  regulate  optimum  qiiantities  used.    The  same  set  of  assumption,  limitations, 
and  constraints  used  in  the  prior  section  also  applies  to  this  analysis.  Water 
variable  costs  are  constant  at  $3  per  acre-foot,  total  annual  quantities  avail- 
able begin  at  zero,  and  increase  continuously  until  each  farm  model  can  use 
no  more  water  productively,  or  until  ceinal  and  pumping  capacities  establish 
an  upper  limit,  whichever  comes  first. 
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Variable  resource  linear  programming,  used  for  this  section  of  the  study, 
selects  the  optimum  corahinations  of  all  possible  cropping  alternatives  within 
the  established  framework  of  restrictions,  according  to  a  range  of  total  annual 
quantities  of  water  available  at  the  specified  $3  price  per  acre-foot.  The 
analysis  procedure  at  each  water  quantity  for  each  farm  size  is  to  select  the 
crop  and  acreage  with  maximum  net  returns  per  unit  of  total  water  required 
consistent  with  the  specified  restrictions.    This  process  is  repeated  in  se- 
quence for  different  quantities  until  net  returns  per  unit  of  water  equal  the 
unit  cost  ($3  per  acre-foot  in  this  analysis),  or  until  the  entire  supply 
is  used. 

This  analysis,  as  does  the  preceding  one  concerned  primarily  with  price 
variations,  considers  two  major  questions:  first,  how  size  variations  interact 
with  varying  quantities  of  irrigation  water  to  affect  total  farm  net  returns- 
over-  variable  expenses;  second,  how  differences  in  the  range  of  alternative 
crops  available  to  farm  operators    react  on  these  same  questions. 

A  problem  imraediately  arises  in  comparing  different  farm  sizes  with 
respect  to  the  amounts  of  water  used  and  total  farm  net  returns  under  optimum 
solutions.    Size  differences  among  these  models  mask  important  relationships. 
In  order  to  overcome  this  difficulty,  all  farm  sizes  are  compared  in  terms 
of  1,280-acre  equivalents.    We  accomplished  this  comparison  by  multiplying 
each  of  the  smaller  sizes  by  an  appropriate  multiplier  (i.e.,  1,280  7  80  = 
16),  and  thus  converting  them  to  the  l,280-acre  size  equivalent  (see  Figures 
6-8  and  Table  5). 

All  farm  sizes  follow  similar  tendencies  as  the  quantities  of  water 
available  increase  from  zero  to  their  maximum.    Very  steep  increases  (curve 
slopes)  for  early  water  eidditions  indicate  that  the  highest  value  crops  per 
acre  of  water  used  come  into  the  cropping  program  first.    Decreasing  rates 
of  increase  for  total  farm  net  returns-over-variable  expenses  accompany  later 
water  additions  as  lovrer- valued  crops  expand,  and  as  operators  apply  additional 
water  to  the  higher-valued  enterprises.    These  curves  become  quite  flat,  parti- 
cularly for  the  smaller  farms  and  for  farms  with  A  and  B  alternative  crops, 
at  the  highest  water  applications. 

The  comparisons  among  all  five  farm  sizes,  adjusted  to  a  l,280-acre  equiva- 
lent, reveeil  sharp  differentials  among  farm  sizes  in  the  relationship  between 
water  qmntities  used  and  net  farm  returns-over- variable  expenses.    Thus  as 
2,1+00  acre-feet  of  water  used,  a  single  l,280-acre  farm  obtains  $32,000  greater 


-32- 


Figure  6 


Farm  Net  Returns  at  Varying  Quantities  of  Irrigation  Water; 

Five  Farm  Sizes 
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Figure  T 

Farm  Net  Returns  at  Varying  Quanties  of  Irrigation  Water; 

Five  Farm  Sizes 
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Farm  Net  Returns  at  Varying  Quantities  of  Irrigation  Water; 

Five  Farm  Sizes 
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TABLE  5 

VarlatloDBlD  Farm  Het  Returns  Dhder  Varying  Quantities  of  Irrigation  Water,  Five  Farm  Sizes 
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additional 
acre  foot 

Income 

Irr. 

water 

returns  per 
additional 
acre  foot 

doUars 

acre 
feet 

dollars 

dollars 

acre 
feet 

dollars 

dollars 

acre 
feet 

doll  nrs 

dollars 

acre 
feet 

dollars 

dollars 

acre 
feet 

dollars 

dollars 

acre 
feet 

dollars 

0 

2,145 
2,360 
7,133 
8,270 
8,391 
8,519 
10,170 
10,302 
10,531 
10,539 
10,549 
10,613 

0 
28 
32 
144 
176 
181 
187 
309 
320 
347 
348 
351 
^80 

0 

76.61 
53.75 
42.62 

35.53 

24.20 
21.33 
13.53 
12.00 
8.48 
8.00 
3.00 
■2.24 

0 

4,772 
6,110 
6,251 
7,056 
8,967 
8,994 
9,152 

0 
112 
150 
155 
197 
337 
340 
410 

0 

42.61 
35.21 
28.20 
19.17 
13.65 
9.00 
2.26 

0 

4,772 
6,110 
6,251 
8,163 
8,826 
8,913 

0 
112 
150 
155 
294 
344 
382 

0 

42.61 
35.21 
28.20 
13.76 
13.26 
2.29 

0 

4,334 
15,435 
15,865 
18,359 
18,671 
21,866 
22,142 

22,151 

22,584 
22,652 

0 
56 
280 
289 
351 
369 
609 
636 
637 
694 
728 

0 

77.39 
49.56 
47.78 
40.23 
17.33 
13.31 
10.22 
9.00 
7.60 
2.00 

0 

11,102 
14,124 
15,666 
18,370. 
19,413 
19,488 
19,541 

0 
224 
300 
379 
582 
662 
672 
702 

0 

49.56 
39.76 
19.52 
13.32 
13.04 
1.50 
1.77 

0 

11,102 
14,125 
15,368 
18,992 

19,022 

19,036 

0 

224 
300 
392 
664 

668 

671 

Q 

49.56 

13-51 
13.32 

7.50 

4.33 

320  acr 

es 

64o  Bcn 

SB 

0 

9,243 
29,721 
32,659 
33,538 
38,233 
38,691 
39,4l6 
42,331 
45,735 
46,978 
47,456 
47,667 
47,784 
47,836 

0 

115 

505 
562 

580 
703 

720 
759 
963 
1,210 
1,330 
1,377 
1,400 
1,465 
1,519 

0 

80.37 
52.51 
51.54 
48.83 
38.17 
26.94 

18.59 
14.29 
13.78 
10.36 
10.17 
9.17 
1.80 
.96 

0 

20,478 
23,416 
29,193 
29,758 
33,117 
33,603 
38,944 
40,773 
40,832 
40,997 
41,019 
4l,l8l 
41,239 

0 
390 
448 
599 
620 
779 
813 
1,200 
1,338 
1,343 
1,360 
1,363 
1,529 
1,596 

0 

52.51 
50.66 
38.26 
26.90 
21.13 
14.29 
13.80 
13.25 
11.80 
9.71 
7.33 
.98 
.84 

0 

20,478 
23,4l6 
29,193 
29,758 
37,61^ 
40,108 
40,189 
40,196 

0 
390 
448 
599 
620 
1,190 
1,375 
1,457 
1,507 

0 

52.51 
50.66 
38.26 
26.90 
13.78 
13.49 
.99 

.14 

0 

19,060 
63,056 
66,922 
70,661 
81,096 
82,128 
83,546 
90,448 
90,787 
97,550 
99,312 
100,641 

0 
229 
1,009 
1,125 
1,160 
1,408 
1,443 
1,517 
1,926 
1,950 
2,457 
2,650 
2,807 

0 

63.23 
56.41 
50.57 
50.26 
41.99 
29.49 
19.16 
16.87 
14.12 
13.34 
9.13 
8.46 

0 

43,995 
49,861 
62,581 
63,842 
72,038 
73,093 
73,130 
83,082 
87,134 
67,464 
67,489 

0 
780 
895 
1,198 
1,240 
1,563 
1,626 
1,628 
2,374 
2,689 
2,727 
2,735 

0 

56.40 
51.01 
41.98 
30.02 
25.37 
16.75 
18.50 
13.34 

12.66 
8.68 
3.12 

0 

43,995 
49,861 
62,581 
63,842 
68,867 
83,953 
84,006 
84,151 
84,152 

0 
780 
895 
1,198 
1,240 

1,616 

2,746 
2,750 
2,761 
2,762 

0 

56.40 
51.01 
41.98 
30.02 
13.36 
13.35 
13-25 
13.18 
1.00 

1 

280  acres 

a/  A. 

Includes  all  Alternative  Cropst 

0 

37,780 
125,156 
136,908 

l4o,427 
159,553 
l6l,4o8 
171,201 
160,911 
196,812 
204,119 
211,279 
214,470 
215,067 

0 
459 
2,019 
2,250 
2,320 
2,817 
2,886 
3,337 
3,853 
4,866 
5,180 
5,615 
6,017 
6,100 

0 

82.31 
55.99 
50.87 
50.27 

38.48 
26.88 
21.71 
18.82 
17.67 
16.90 
16.46 
7.94 
7.19 

0 

87,376 

99,128 
122,488 
140,554 
142,820 
144,316 
145,374 
171,513 
182,761 
184,132 
188,319 
191,102 

0 

1,560 
1,790 
2,397 
3,042 
3,127 
3,196 
3,250 
4,731 
5,388 
5,470 
6,057 
6,463 

0 

56.01 
51.10 
38.48 
28.01 
26.66 
21.68 
19.59 
17.65 
17.12 
16.72 
7.13 
6.85 

0 

87,376 
99,128 
122,488 
124,753 
165,254 
177,743 
177,931 
178,472 
179,540 
182,448 

0 

1,560 
1,790 
2,397 
2,481 
4,774 
5,482 
5,492 
5,524 
5,674 
6,121 

0 

56.01 
51.10 
38.48 
26.96 
17.66 
17.64 
18.80 
16.91 
7.12 
6.51 

B.  Excludes  Cantaloupes. 

C.  Excludes  Cantaloupes  and  Sugar  Beet^ 

b/  Change  in  farm  net  return  +  change  in  gianttti  of  irrigation  water  used 

net  returns  than  the  total  for  sixteen  8o-acre  farms  (see  Figure  6  and 
Table  5)-    The  comparable  values  at  k,Q00  acre-feet  of  water  used  indicate 
an  advantace  of  $37,000  for  a  single  l,200-aGre  farm  as  contrasted  with  l6 
of  the  sjiialler  units.    In  general,  the  closest  relationship  (the  least  dif- 
ference in  net  returns)  is  between  the  two  larger  farm  sizes.    This  close 
resemblance  holds  for  all  three  farming  systems  studied,  although  the  dif- 
ference does  tend  to  widen  for  the  later  water  applications,  at  higher  total 
quantities.    At  the  other  extreme,  the  widest  difference  between  total  farm 
net  returns  for  two  sizes  as  water  quantities  increase,  occurs  in  comparing 
the  80-  and  the  l60-acre  farm  sizes.    We  pointed  out  above  that  the  l,28o- 
acre  farm  has  lower  alfalfa  harvesting  costs  per  unit  than  the  other  sizes; 
this  dif ferentisil  also  is  important  for  the  higher  water  applications  in 
explaining  the  difference  between  this  model  and  the  6i+0-acre  unit.  ^ 

All  five  farm  sizes  also  show  net  returns  advantages  as  the  range  of 
alternative  crops  widens,  particvilarly  in  comparing  System  A  with  Systems 
B  and  C.    Thus  at  2,U0G  acre-feet  of  water  total  use  the  l,28o-acre  System 
A  model  has  an  advantage  of  about  $l8,000  over  Systems  B  and  C  in  net  returns. 
This  advantage  widens  to  about  $27,000  excess  for  A,  as  compared  with  B,  and 
about  $33,000  advantage  for  A  as  compared  with  C  at  k,SO0  acre-feet  of  water. 
Again  it  is  evident,  in  water  quantities  as  well  as  in  price  variations,  that 
distinct  advantages  accrue  to  farmers  whose  range  of  alternative  crops  include 
two  or  more  with  relatively  high  net  returns  per  acre  (as  represented  pri- 
marily by  System  A,  but  to  some  degree  by  System  B)  among  our  analytical 
model s . 

Optimum  Cropping  Programs  Shift  with  Variations  in 
Quantities  of  Water  Available 

The  analysis  that  determined  the  effects  of  varying  total  annual  quantities 
of  irrigation  water  available  also  reveals  how  such  variations  react  on  crop 
choices,  cropping  programs,  and  acreage  allocations,  according  to  the  five 
farm  sizes.    Data  for  System  B  siltemative  crops  indicate  marked  similarities 
ajnong  these  five  analytical  models.    The  sequence  in  which  crops  enter  the 
cropping  program  as  water  quantities  increase  is;  cotton,  blackeye  beans, 
sugar  beets,  and  alfalfa  hay  (see  Figures  9-13) •    In  "the  three  larger  sizes, 
cotton  enters  the  programs  under  medium  or  dry  treatments;  operators  then 
shift  to  the    wet  treatment  when  adequate  quantities  of  water  become  available. 
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Figure  9 


Crop  Acreage  and  Quantity  of  Irrigation 
Water  Used;  80  Acre  Farm 


Quantity  of  Irrigation  Water  In  Acre  Feet 


Figure  10 


Crop  Acreage  and  Quantity  of  Irrigation 
Water  Used;  160  Acre  Farm 
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FigTire  11 


Crop  Acreage  and  Quantity  of  Irrigation 
Water  Used;  320  Acre  Farm 


Qxiantity  of  Irrigation  Water  In  Acre  Feet 


Figure  12 


Crop  Acreage  and  Quantity  of  Irrigation 
Water  Used;  640  Acre  Farm 


Quantity  of  Irrigation  Water  In  Acre  Feet 


Figure  I3 


Crop  Acreage  and  Quantity  of  Irrigation 
Water  Used;  1280  Acre  Farm 
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Earlier  increments  in  the  sequence  of  expanding  water  quantities  are  concen- 
trated on  the  top  quality  soils  with  the  less  productive  land  coming  into  use 
only  at  later  increments  as  total  water  quantities  near  the  maximum  total. 
The  final  increments  in  this  sequence  go  to  expand  alfalfa  production,  and 
to  provide  wetter  irrigation  treatments  for  some  of  the  crops  brought  into 
the  program  at  smaller  total  quantities  of  irrigation  water. 

Data  for  the  320-acre  farm  size  illustrate  the  tendencies  toward  a  common 
pattern  in  shifting  the  cropping  program  as  more  water  becomes  available.  Cot- 
ton is  the  first  crop  to  enter  the  program,  at  the  maximum  allowable  acreage 
and  using  the  medi\im  irrigation  treatment.    This  crop  shifts  to  the  wet  treat- 
ment as  soon  as  increasing  water  quantities  permit.    Blackeye  beans  come  into 
the  progreim  next  (dry,  then  medium  treatments),  and  sugar  beets  follow,  as 
water  quantities  continue  to  increase.    Later,  a  portion  of  the  blackeye  beans 
shifts  to  lower  quality  soil  and  sugar  beets  replace  them  on  the  better  soils 
to  the  maximum  allowable  acreages  for  both  crops.    Finally  alfalfa  enters  the 
program  on  the  320-acre  size  and  absorbs  the  remaining  increases  in  water 
quantity,  using  these  final  increments  to  shift  from  dryer  to  wetter  irriga- 
tion treatment  (see  Figure  11 ).  | 

This  analysis  also  indicates  the  most  profitable  cropping  program  under 
limited  water  supply  conditions.    Thus  two  different  chopping  programs  for  the 
B  alternative  crops  on  the  80-acre  farm,  with  distinctly  different  distribu- 
tions of  crops  by  acreages,  will  maximize  net  farm  returns  at  maximum  water 
availability  and  at  60  percent  of  such  quantities,  respectively: 


100  percent  of  maximum  supply 

60  percent  of  maximum  suppl 

Soil 

Crop 

Treatment 

Acres 

Soil 

Crop 

Treatment 

Acres 

Chino 
Traver 

Cotton 
Alfalfa 
Beans 
S.  beets 
Alfalfa 

Wet 

Medium 
Medium 
Medium 
Medium 

25.0 
17.0 
3.0 
9.0 
22.0 

Chino 
Traver 

Cotton 
Beans 
S.  beets 
Alfalfa 
Idle 

Wet 

Medixim 
Medium 
Medium 

25.0 
20.0 
8.0 
7.5 
15.5 

Total  Cropland  T6.0 

Total  Cropland 

76.0 

The  fact  that  alfalfa,  a  perennial  crop,  provides  economic  yields  for  two 
or  three  years  after  establishment  necessarily  modifies  operator  policies  in 
adjusting  to  limited  water  conditions  expected  to  last  not  more  than  one  year. 
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An  operator  facing  this  situation  should  make  his  adjustment  to  the  limited 
quantities  of  water  available  by  shifting  acres  allocated  to  various  annual 
crops.    In  contrast,  if  the  farmer  expects  reduced  water  supplies  to  continue 
for  several  years,  he  should  shift  out  of  alfalfa. 

Net  Returns  Per  Additional  Acre-Foot  of  Water  Vary 
Inversely  with  Quantities  Available 

It  is  evident  in  the  preceding  section  that  initial  water  quantities  yield 
the  highest  profits  when  allocated  to  cotton  and  other  relatively  higher  net 
return  crops.    Only  after  all  acres  available  for  planting  in  these  higher 
net  returns  crops  have  received  the  maximum  amount  of  water  that  they  can  use 
profitably  will  operators  find  it  to  their  advantage  to  allocate  additional 
quantities  of  water  to  the  lower  return  enterprises.    Results  of  these  water 
allocation  policies  show  quite  distinctly  in  the  declining  net  returns  per 
acre-foot  for  successively  added  increments  of  water  supply.    We  calciilated 
these  net  returns  per  acre-foot  for  the  successively  added  amounts  of  water 
at  each  of  the  optimum  solutions  according  to  varying  water  quantities  (see 
Table  5).    The  amounts  of  water  added  at  the  successive  optimum  solutions 
as  quantities  vary  are  not  necessarily  consistent  among  the  several  cropping 
systems  within  one  farm  size,  or  within  the  five  farm  sizes  for  a  particular 
cropping  system.    In  spite  of  this  difficulty,  several  facts  stand  out  clearly 
in  the  data.    First,  the  additional  net  returns  decline  consistently  for  all 
three  of  the  cropping  systems  within  each  farm  size.    Second,  there  is  evidence 
that  net  returns  per  additional  acre-foot  at  the  initial  optimum  solutions  are 
higher  for  the  larger  sized  farms  than  for  the  smaller  onesj  these  magnitiades 
are  $82  and  $83,  respectively  for  the  two  largest  sizes,  and  $77  for  each  of 
the  two  smaller  ones  (see  Table  5).    Third,  the  evidence  is  clear-cut  that 
net  returns  per  additional .acre-foot  are  higher  for  the  System  A  group  of 
alternative  crops  than  for  those  in  B  or  C;  little  difference  is  evident  as 
between  the  latter  two  systems.    Data  are  available  to  provide  a  more  complete 
perspective  on  how  consistently  and  to  what  extent  net  returns  per  additional 
acre-foot  diminish  with  successively  added  water  increments.    Such  informa- 
tion on  net  returns  per  added  acre-foot  of  water  over  the  entire  range  of 
increasing  quantities  for  the  320-acre  and  the  l,28o-acre  System  B  models 
appear  in  the  following  text  table. 


-hk- 


B.     320  acres 


u.    ±,i.'ou  a 

V/att..r 

cres  1 
Net  returnc;  1 
per  uuxxcd  1 
cicre-iooTj  1 

Total 

Inercmentc 

1 ,  5uO 

56 

1,790 

230 

51  1 

2.397 

607 

38 

3,o42 

645 

28 

3,127 

85 

27  1 

3,196 

69 

22 

3,250 

54 

20 

4,731 

1,481 

18 

5,388 

657 

17 

5,470 

82 

17 

6,057 

587 

7 

VJater 


Total      Increment £ 


390 
440 

599 
620 

779 
813 
1,200 
1,338 

1,343 
1,360 

1,363 


390 
58 

151 
21 

159 
34 
387 
138 
5 
17 
3 


Net  returns 
per  added 
acre -foot 


52 
51 
38 
27 
21 
14 
14 

13 
12 
10 

7 


The  320-acre  model  shows  net  returns  averaging  $52  per  acre-foot  for  the 
first  -water  Increment  and  the  first  optimvmi  solution.    Declines  are  consistent 
as  quantities  increase  from  the  39O  acre-feet  at  this  initial  point  until  the 
net  returns  per  additional  acre-foot  for  the  final  3  acre-feet  increment  amounts 
to  only  $7.    The  pattern  of  declining  net  returns  per  additional  acre-foot  is 
quite  comparable  for  the  l,280-acre  size.     Beginning  with  an  average  of  $56 
per  acre-foot  for  the  first  1,560  acre-feet,  this  model  shows  a  return  of  $7 
per  acre-foot  for  the  final  587  acre-foot  unit. 


WATER  COSTS,  QUANTITIES  AVAILABLE,  AMD  FARM  SIZE  AFFECT  FARM  PROFITS 

Estimated  total  farm  profits  are  useful  in  evaluating  the  resvilts  of  this 
study,  in  order  to  make  comparisons  among  farm  sizes.    Our  calculations  for 
determining  such  profits,  as  is  true  in  evaluating  profits  and  losses  for  most 
businesses,  involve  important  assumptions  and  estimates.    Total  farm  net  returns- 
over-  variable  expenses,  as  provided  by  linear  programming  computations  for  each 
optimum  solution,  represent  the  starting  point  in  calctaating  farm  profits. 
Total  farm  fixed  costs,  subtracted  from  these  net  returns,  yield  net  returns 
over  both  and  fixed  and  variable  costs  ranging  from  -$1,364  for  the  80-acre 
size  to  $46,955  for  the  l,280-acre  model  (see  Table  5).    But  allowances  for 
the  operator's  actual  field  work  and  for  interest  on  total  farm  investments 
at  an  estimated  "going  market  rate"  (6  percent  in  this  study)  were  deducted 
in  arriving  at  these  residuals.    It  is  necessary,  therefore,  to  add  these  values 
back  in  order  to  arrive  at  net  farm  income,  which  ranges  from  approximately 
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TABLE  6 


Farm  Profits  (Capital  and  Management  Income); 
Five  Farm  Sizes,  Irrigation  Water  $3-00  per  Acre-Foot- 
(C.    Excludes  Cantaloups  and  Sugar  Beets) 


80  acres 

160  acres 

320  acres 

6hO  acres 

1,280  acres 

dollars 

Farm  capital-^ 

65,708 

123,958 

251,611+ 

505,885 

1,022,091 

Farm  net  returns 

8,913 

19,036 

i+0,196 

84,152 

182,448 

Total  Fixed  Costs 

8,m 

15,618 

31,979 

64,000 

131,693 

Net  returns  over 

50,555 

fixed  costs 

1^36 

3,i^l8 

8,217 

20,152 

Add 

c/ 

Value  operator's  work-^ 

1,800 

3,000 

2,  if  00 

1,800 

0 

Interest  on  capital 

3,857 

7,392 

15,108 

30,352 

61,299 

NET  FARM  INCOME 

6,093 

13,808 

25,725 

52,304 

111,854 

Subtract 

Operator '  s  wage^ 

3,600 

3,600 

3,600 

3,600 

3,600 

PROFIT  (return  to  capital 

48,704 

108,254 

and  management) 

1  2,k93 

10,208 

22,125 

Interest  on  capital  at  6 

4  3,857 

7,392 

15,108 

30,352 

61,299 

Management  income^ 

-1,364 

2,816 

7,017 

18,352 

46,955 

RATE  EARNED 

3.8°; 

8.2/0 

8.8°; 

9.6/. 

10.5'^ 

a/  See  footnote  1  page  11  for  definitions  of  terms  used  in  this  report, 
b/  Average  investment  in  farm  property. 

c/  Calculated  at  $1.20  per  hour  for  time  in  field  work,  already  included  in  variable 
expenses. 


d/  Full-year  vrages  for  operator's  time  at  hired  worker  rates, 
e/  Reward  for  decision  making  and  other  management  functions. 
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$6,100  for  the  8o-  to  $111,850  for  the  l,280-acre  farm  (see  Table  6).  l-hese 
amounts  represent  the  returns  from  the  farm  operations  to  cover  three  impor- 
tant productive  services;  wages  for  the  operator's  time,  recardless  of  how 
he  distributes  it  as  between  actusJ.  farm  work  and  supervisory  activities; 
Interest  on  farm  investments  in  land  sind  other  property;  and  returns  to  the 
operator  for  supervision  and  management,  and  for  assuming  the  riskr.  inherent 
in  using  his  capital  in  the  farm  operation. 

By  subtracting  a  standard  deduction  of  $3,600,  representing  the  allow 
ance  for  one  year  of  the  operator's  time  at  going  rates  for  farm  labor  ($1.20 
per  hour),  it  is  possible  to  obtain  for  each  farm  size  the  dollar  amounts  re- 
presenting profit ,  the  combined  return  to  capital  and  management.     Only  by 
imputing  a  return  to  capital,  or  to  management,  is  it  possible  to  allocate 
these  profits  for  the  five  farm  sizes  between  these  two  residual  claimants, 
capital  and  management.     Our  procedure  was  to  assume  (impute)  a  standard  rate 
for  capital  at  6  percent  interest  per  year,  as  we  imputed  a  return  for  the 
operator's  wage  (at  a  standard  $3,600  per  year).     The  amounts  obtained  by 
multiplying  6  percent  times  total  average  farm  investments  are  subtracted 
from  the  residual  profit  value.    Management  income  remaining  varies  from  -$1^364 
for  the  So-  to  nearly  P^'f ,000  for  the  l,280-acre  farm  model  (see  Table  6). 
These  net  amounts  represent  the  returns  to  the  operators,  according  to  farm 
sizes,  for  assuming  and  performing  management  responsibilities,  and  for  under- 
taking the  risks  to  their  capital  involved  in  operating  the  respective  farms. 

Farm  size  sharply  affects  the  absolute  and  relative  magnitude  of  the 
amounts  identified  as  management  income  in  the  above  calcvilations.    Some  in- 
dications of  how  earnings  tend  to  increase  with  farm  size  are  available  by 
comparing  the  proportionate  gains  as  farm  size  doubles  beginning  with  the  80- 
and  l6o-acre  sizes  and  continuing  through  the  l,28o-acre  size.     In  every  in- 
stance management  income  more  than  doubles  while  farm  size  exactly  doubles 
from  one  model  to  the  next.    Aiiother  useful  indication  here  is  to  compare 
relative  rates  earned  on  average  farm  investments  for  the  several  farm  sizes. 
Such  comparisons  are  obtained  by  expressing  profit  (ranging  from  $2,500  to 
$108,250  according  to  farm  size)  as  percentages  of  annual  average  capital 
investments.     I'hese  rates  earned  increase  from  3-8  percent  for  the  80-  to 
10.5  percent  for  the  l,280-acre  farm  (see  Table  6).     Rates  earned,  as  was  true 
for  other  earlier  analyses,  clearly  Indicate  the  earnings  advantages  accompany- 
ing farm  size  increase  under  conditions  of  this  study. 


Several  general  observations  are  appropriate  regarding  the  above  earn- 
ings analysis.    Tl^e  data  on  average  total  farm  investments  clearly  establish 
the  magnitude  of  dollar  capital  required  for  modern  commercial  farming,  and 
suggest  some  of  the  risk  implications  inevitable  in  an  economy  characterized 
by  uncertainty.    V/e  selected  6  percent  as  the  appropriate  interest  rate  to 
use  in  imputing  interest  on  capital  and  the  residual  management  income  on 
two  assumptions:    First,  that  competition  should  assure  capital  employed  in 
agriculture  earnings  equivalent  to  those  in  other  uses.    Second,  that  6 
percent  per  annum  represents  a  reasonable  approximation  of  the  going  (or 
market)  rate. 

None  of  these  earnings  measure  as  calculated  here,  for  any  farm  size, 
shoiad  be  viewed  as  "average"  or  representative  of  actual  operations  on  a 
particular  individual  farm  in  the  study  area.    In  the  first  place,  all  net 
returns-over-variable  expenses  resulting  from  procedures  in  this  study  re- 
flect optimum  crop  combinations  to  inaximize  net  returns  under  the  particu- 
lar combination  of  conditions  applying  to  each  solution.    Second,  all  basic 
calculations  used  in  determining  net  retums-over-variable  expenses  per 
acre  for  the  various  crop  enterprises  under  the  specified  conditions  assume 
perfect  knowledge  regarding  expected  prices  and  costs,  input-output  ratios 
and  yields,  and  resource  availability.    We  also  recognize  that  the  study 
procedures,  particularly  those  used  in  assembling  farm  organization  and 
operations  characteristics,  do  not  necessarily  result  in  precisely  accurate 
information.    Thus  our  land  valuations  represent  carefully  considered  esti- 
mates, not  actual  market  quotations.    Inherent  difficulties,  furthermore, 
make  it  virtually  impossible  to  include  all  overhead  items  that  mast  be  in- 
cluded if  total  farm  fixed  costs  are  to  be  precisely  accurate. 

These  earnings  measures  are  valuable,  however,  in  malting  such  compari- 
sons among  farm  sizes  as  those  cited  above.     They  also  suggest  something  of 
the  financial  complexity  of  modern  farms.    Most  emphatically,  however,  they 
are  not  to  be  regarded  as  precise  accounting  data  reflecting  detailed  farm 
earnings  performance.    They  are  more  properly  viewed  as  usefiil  indicators 
of  the  relative  variations  in  farm  earnings  according  to  size  under  the 
conditions  of  this  study  and  in  the  study  area. 
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FAIiM  PRODUCT  PRICES  AFVECH  GROSS  RECEIPTS,  NET  RETURNS,  AW 
ABILITY  TO  PAY  l''OR  IRRIGA'HON  WATER 

Earlier  portions  of  this  analysis  established  the  dominant  importance 
of  cotton  on  all  farm  sizes  and  under  a].l  three  cropping  systems  studied. 
Only  specialty  crops  with  high  gross,  and  net  returns,  can  compete  with 
cotton  in  profitability.     In  general,  cotton  occupies  this  preferred  posi- 
tion not  only  in  the  study  area  but  in  the  entire  general  crop  area  ex- 
tending approximately  from  Merced  County  to  the  southern  extreme  of  irri- 
gated farming  in  the  San  Joaquin  Valley.     Thus  any  force  that  adversely 
affects  cotton  production  will  react  unfavorably  upon  farm  gross  receipts, 
net  returns,  farm  organization,  land  and  other    resource  values,  and  the 
aiiounts  of  production  capital  available  to  farm  operators.     Cotton,  there- 
fore, lends  itself  quite  well  to  the  purposes  of  this  analysis  in  which  vre 
undertake  to  determine  how  price  variations  for  a  principal  farm  product 
react  upon  cropping  programs,  total  farm  net  returns,  and  ability  to  pay 
for  irrigation  water.     Our  approach  is  to  determine  what  should  be  the 
production  response  for  cotton,  assuming  "no  governmentEil  price  support;  or 
acreage  limitations  as  lint  prices  vary  from  zero  to  about  hO  cents  per 
pound.    All  other  conditions,  restraints,  and  assumptions  applicable  in 
earlier  sections  of  this  study  still  apply  for  this  linear  programming 
model.     Only  those  relating  to  cotton  lint  prices  and  acreage  controls 
are  relaxed,  and  these  quite  arbitrarily  for  analytical  purposes  only.^ 

This  analysis  is  based  upon  the  B  group  of  alternative  crops.  Actual 
cropping  programs  for  all  farm  sizes,  with  cotton  lint  prices  at  zero,  will 
include  only  the  other  alternative  crops  available  under  this  system.  Cotton 
will  enter  the  programs  only  when  two  necessary  conditions  are  met:  First, 
gross  receipts  for  an  acre  of  cotton  must  exceed  variable  expenses;  Second, 
the  dollar  magnitude  of  these  net  returns  must  exceed  those  from  the  least 
profitable  crop  already  included  in  the  program.    Cotton  lint  prices  at 
which  these  conditions  are  first  met  vary  according  to  farm  size.     For  the 
five  analysis  models  they  are  as  follov/s:     80-,  16O-,  320-,  bkO- ,  and  1,280- 
acre,  respectively,  23. 9?^,  20.3^5,  19-V,  iS.O^f,  and  19.8^  per  pound  (see 
Figure  ih  and  Table  Once  cotton  lint  prices  have  risen  sufficiently 

1/    The  fact  that  prices  and/or  production  of  alternative  crops  also  would 
be  affected  by  these  changes  in  cotton  is  recognized,  but  not  considered,  in 
this  analysis. 
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Figure  1^+ 


Cotton  Production  at  Varying  Lint  Prices 
Five  Farm  Sizes 
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TABLE  T 


Variations  in  Gross  Receipts  Less  Variable  Expenses  and  Cotton 
Production  under  Varying  Cotton  Lint  Prices,  Five  Farm  Sizes 
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to  meet  the  conditions  necessary  to  bring  cotton  into  the  cropping  programs, 
a  very  small  additional  price  increase  brings  a  sharp  production  response. 
The  extent  of  these  responses,  according  to  the  five  farm  sizes,  is  evident 
upon  examining  the  percentage  of  total  cropland  planted  to  cotton  according 
to  varying  cotton  lint  prices.    At  20^  per  pound  the  80-  and  l60-acre  farms 
produce  no  cotton  under  the  conditions  of  this  analysis,  vhile  320- ,  6kO- , 
and  1,280-acre  farms  allocate  50. 3,  51.6,  and  23.9  percents,  respectively, 
of  total  cropland  to  cotton  (see  Table  8).    As  cotton  lint  prices  rise,  the 
proportions  of  all  cropland  planted  to  cotton  on  the  various  farm  sizes  also 
increases;  at  25^  per  pound  they  are  as  follows:    kG.G,  63-3,  62.9,  60.6, 
and  59.0  percents,  respectively,  for  the  five  farm  models  ranging  from  80- 
to  1,280-acres  in  size.    At  33^  per  pound  for  cotton  lint  (approximately 
the  current  support  price  level)  about  two-thirds  of  all  cropland  is  allo- 
cated to  cotton  for  all  farm  sizes  except  the  80-acre  unit;  here  the  pro- 
portion is  approximately  three-fourths  of  all  cropland  (see  Table  8). 

Very  minor  cotton  acreage  response  results  to  lint  price  rises  above 
the  33^  level  for  any  five  farm  size.    Limited  water  quantities  available 
during  certain  irrigation  periods  are  important  in  explaining  this  result. 
If  such  deficiencies  were  corrected,  the  constraints  in  linear  programming 
model  used  for  this  analysis  are  such  that  acreage  might  continue  to  expand 
in  response  to  cotton  price  rises  until  cotton  occupies  all  cropland,  ig- 
noring all  other  limiting  factors. 

The  upper  ceiling  limit  on  cotton  acreage  expansion  in  response  to 
lint  price  rises  in  this  analysis  is  consistent  with  the  over-all  time  ele- 
ment assumptions  in  this  study.    Inventories,  capital  investments,  and 
fixed  costs  are  for  a  short-run  period,  during  which  time  is  not  available 
to  accomplish  changes  in  these  important  organizational  characteristics. 
We  could  modify  the  assumptions  here  by  allowing  sufficient  time  to  add  new 
capital,  drill  additional  wells,  and  increase  quantities  of  water  available 
at  the  critical  periods  in  response  to  further  cotton  lint  price  gains.  The 
result  might  be  continued  cotton  acreage  expansion  in  response  to  such  price 
rises.    But  it  is  possible  that  other    restraints  wovild  arise  to  limit  such 
cotton  acreage  responses;  biological  and  physiological  conditions  that  can 
be  corrected  only  with  rotations  difficulties  in  removing  one  year's  crop 
in  time  to  prepare  the  seedbed  and  plant  the  next  one,  conflicts  and  inef- 
ficiencies among  the  various  resources  and  their  availability  in  terms  of 
proper  timing;  these  and  other  factors  might  still  limit  acreage  response  to 
rising  cotton  lint  prices. 
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TABLE  8 


Percent  Cropland  in  Cotton  at  Different  Cotton 
Lint  Prices,  Five  Farm  Sizes 
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Acrease  Expannion  Likely  at  Lov/er  Lint  Prices; 
Total  Farm  Net  Returns  Also  Could  Drop 

Total  farm  net  returns  increase  rapidly  once  cotton  lint  prices  rise 
sufficiently  to  bring  cotton  into  the  cotton  programs  (see  Figure  15)-  The 
particular  lint  price  associated  with  brealc-even  net  returns  (point  at 
which  the  break-even  line  intercepts  the  net  returas  curve)  varies  accord- 
ing to  farm  size  and  water  costs.    With  irrigation  water  variable  cost  at 
$3  per  acre-foot  on  the  80-acre  model,  the  break-even  cotton  lint  price  in 
about  2!'((j>  per  pound.    If  these  irrigation  water  costs  rise  to  $9  per  acre- 
foot,  the  brealc-even  lint  price  is  at  30^  per  pound.     Larger  farm  sizes  have 
a  lower  breal^-even  price  for  lint  at  $3  per  acre-foot  for  irrigation  v/ater, 
25.5^  per  pound  for  the  I60  size,  27. per  pound  for  the  320- ,  and  21.6^ 
per  pound  for  both  the  6U0-  and  the  l,280-acre  farms.     Once  more  the  evi- 
dence is  clear  that  as  farm  size  increases  farmers  gain  an  advantage  in 
higher  total  farm  net  retums-over-variable  costs  and  in  increased  ability 
to  pay  for  Irrigation  water. 

The  above  analysis  supports  several  important  conclusions.  First, 
extremely  sharp  increases  in  cotton  acreage  and  production  in  the  San  Joaquin 
Valley  would  result  under  conditions  specified  in  this  study  following  govern- 
ment action  terminating  price  supports  and  acreage  restrictions.    This  analy- 
sis indicates  that  marked  expansion  would  occur,  even  if  United  States  cotton 
lint  prices  dropped  to  the  world  level,  about  24.5^  per  pound  (as  contrasted 
with  existing  support  prices  at  approximately  33^5  per  pound).  Experience 
with  plans  A  and  B,  in  effect  during  the  1959  and  196O  seasons,  supports  this 
viewj  marked  acreage  expansion  did  occur  with  accompanying  production  gains 
in  California  ajid  other  western  areas. 

Second,  sharply  reduced  cotton  lint  support  prices  will  react  noich  more 
unfavorably  on  earnings  by  operators  on  the  smaller,  than  those  on  the  larger 
San  Joaquin  Valley  cotton-general  crop  farms.    The  higher  break-even  lint 
prices  for  smaller  farms,  as  compared  with  the  larger  ones  in  this  analysis, 
clearly  support  this  conclusion  (see  Figure  15 )• 

Third,  farmers  and  those  responsible  for  planning  and  developing  sources 
of  additional  irrigation  water  should  not  expect  gains  in  cotton  net  returns 
per  acre  (except  possibly  through  yield  increases)  to  underwrite  any  future 
increases  in  irrigation  water  costs.    Ejcpeinded  acreage  and  production  within 
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the  framework  of  existing  price  supports,  of  course,  would  contribute  to 
such  increased  purchasing  ability.    But  current  cotton  lint  export  subsidy- 
rates  were  about  8.5^  per  pound  for  the  1961  crop;  it  is  not  likely  that 
they  will  increase  markedly.    This  prospect,  in  conjunction  with  the  evi- 
dence from  this  analysis  that  cotton  production  on  the  farm  sizes  where 
the  b\ilk  of  the  crop  is  produced  in  California,  would  greatly  e:3qf)and  at 
sharply  lower  lint  prices,  leaves  little  room  for  optimism  regarding  fur- 
ther increases  in  net  returns  per  acre  from  cotton  due  to  price  rises. 
Such  improved  purchasing  power  may  come  over  the  long  run  from  increased 
cotton  acres  and  from  expanded  opportunity  for  farmers  to  produce  high 
gross  value  specialty  crops  in  addition  to  cotton    on  San  Joaquin  Valley 
crop  farms. 

SIZE  ADVAJNTAGES  HERE  SUGGEST  ECONOMIES  OF  SCALE 

Earlier  sections  of  this  report  have  indicated  that  definite  increases 
in  total  farm  net  returns-over-variable  expenses  accrue  quite  consistently 
among  the  antilytical  models  as  size  increases  from  the  80-  to  the  1,280- 
acre  farm.    These  earnings  advantages  are  most  marked  in  comparing  the  two 
smaller  sizes,  with  the  l60-acre  unit  favored  over  the  80-acre  farm.  In 
general,  continued  gains  in  earning  power  accon^iany  size  increase  (in  acres) 
for  all  five  farms.    These  earnings  advantages  appear  relatively  smaller 
for  the  two  larger  sizes,  the  6hO-  and  l,280-acre  models,  than  for  the  80- 
versus  the  l60-acre  units.    Such  advantages,  accjniing  to  farms  of  like  or- 
gamization  as  a  result  of  Increasing  size,  merit  special  consideration. 
Is  it  possible  to  identify  and  evaluate  the  forces  associated  with  these 
size-related  advantages?    The  economic  concepts  included  under  economies 
of  scale  may  be  useful  in  this  respect.    These  ideas  have  to  do  with  the 
relationship  of  changes  in  scale  of  operation  to  average  total  cost  per 
unit  of  product;  they  involve  two  time  contexts,  the  short  terra  and  the 
long  term.    In  the  former  the  total  physical  "plant"  and  associated  costs 
are  imchanged  (fixed)  for  the  production  period;  in  the  latter,  ample  time 
is  available  for  changing  (expanding)  the  physical  facilities,  so  that  not 
even  the  costs  associated  with  the  plant  are  fixed;  they  become  variable 


1/    See  Viner,  Jacob,  "Cost  Curves  and  Supply  Curves,"  Zeitschrlft  fur 
Mationalokonomlc ,  Vol.  3  (l93l),  PP-  23-^6.    Iteprinted  in  American  Economics 
Association,  Readings  in  Price  Theory,  London:    George  Allen  and  Unwin, 
Ltd.,  1956. 


Inputs  and  costs  that  vary  directly  with  production  volume,  such  as  materi- 
als, labor,  and  certain  other  items  are  variable  in  both  time  contexts. 
Variations  in  average  total  cost  per  unit  of  product  associated  with  changes 
in  volume  in  either  the  short-  or  the  long-term  period  are  easiest  to  identi- 
fy and  measure  if  (a)  the  analysis  concerns  a  firm  producing  a  single  product, 
and,  (b)  if  it  can  be  expressed  in  costs  per  unit  of  physical  product. 

It  is  evident  that  the  data  and  methods  in  this  study  do  not  lend  them- 
selves Ideally  to  analysis  according  to  the  concepts  included  in  economics 
of  scale.    First,  the  five  analytical  models  definitely  are  multiple-product 
firms.    Second,  revenue  dollars,  or  some  other  common  denominator  rather  than 
the  physical  outputs  will  have  to  represent  production.    Third,  the  scope 
and  organization  of  this  study  are  such  that  only  the  short-term  context 
applies  to  each  of  the  five  models.    A  fourth  consideration  is  that  the  analy- 
sis in  the  preceding  sections  all  focuses  on  variable  costs,  only,  with  fixed 
costs  excluded  until  after  optimxim  solutions  were  available  from  the  linear 
programming  procedures.    In  spite  of  these  limitations  in  the  data  and  the 
methodology,  we  believe  it  usefvil  to  examine  to  what  degree  the  concepts 
included  in  economics  of  scale  do  aid  in  interpreting  the  empirical  results 
of  the  preceding  sections.    We  iindertake,  in  the  following  sections,  there- 
fore, to  explore  the  degree  to  which  the  relationships  revealed  by  analyses 
in  this  study  relate  to  and  are  consistent  with  those  under  the  concept  of 
economics  of  scale. 

Scale  Advantages  Reflect  Both  Technical  and 
Pecuniary  Economies 

Scale  economies  arise  from  decreases  in  \mit  production  costs.    In  the 
form  of  reduced  cost  per  unit  of  product,  scale  economies  may  result  either 
from  obtaining  a  greater  volurae  of  output  for  a  given  quantity  of  inputs 
(more  favorable  input-output  ratios)  or  from  purchasing  production  goods 
and  services  for  lower  prices,  or  from  a  combination  of  both.  Technical 
economies,  if  they  exist,  usually  will  accompany  more  complete  utilization 
of  machinery  and  equipment.    Such  internal  economies  are  not  limited  to 
getting  more  hours  use  per  year  and  a  greater  volurae  of  physical  products, 
from  a  partic\ilar  machine.    They  may  accompany  the  shift  to  different,  larger, 
or  more  efficient  equipment  made  possible  by  expanded  farm  size.  Dollar 
economies  in  purchasing  usually  reflect  the  success  that  larger  operators 
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have  in  capitalizing  upon  listed  quantity  discounts  or  in  obtaining  special 
concessions.    The  fact  that  increasing  proportions  of  the  total  inputs  used 
in  modern  farming  represent  dollar  purchases  from  off-farm  commercial  sources 
underscores  the  importance  of  these  pecuniary  purchasing  economies. 

Theoretical  Basis  for  Scale  Economies. — Economists  long  have  recognized  that 
scale  economies  exist,  and  that  they  frequently  are  an  important  consideration 
in  planning  production  operations.    A  production  possibility  chart  showing 
alternative  combinations  of  resources  that  may  be  used  to  produce  different 
quantities  of  a  particular  product  is  useful  for  examining  some  of  the  basic 
ideas  related  to  scale  economies  (see  Figure  l6).    Four  hypothetical  equal- 
output  (iso-product)  curves  indicate  the  manner  that  resources  can  substitute 
for  each  other  In  producing  four  distinct  quantities  of  product,  in  this  in- 
stance 100,  200,  300,  or  kOO  bales  of  cotton.     The  straight  lines  represent 
equal  cost  (iso-cost)  combinations  of  two  production  inputs,  labor  and  land, 
at  each  level  of  production.    The  least-cost  combination  of  labor  and  land 
for  producing  the  indicated  number  of  bales  of  cotton  at  each  of  the  output 
levels  is  at  the  point  where  one  of  the  curves  Ql,  Q2,  Q3,  or  Qk  just  touches 
(is  tangent  to)  the  equal  cost  line  (see  Figure  16).    The  resiat  of  connect- 
ing these  minimum  cost  points  (as  in  Figure  I6  when  the  "Expansion  Path"  line 
is  superimposed)  is  to  establish  the  optimum  path  for  increasing  production. 
Along  this  expansion  path  the  proportions  of  labor  and  land  change  as  pro- 
duction volume  increases;  through  these  changes  an  operator  may  produce  at 
minimum  costs.    In  contrast  the  "True-Scale"  line  maintains  a  constant  pro- 
portion of  labor  and  land  at  all  levels  ^■n.th.  the  result  that  costs  per  unit 
of  product  are  higher  than  those  at  which  it  is  possible  to  obtain  the  four 
product  quantities  along  the  expansion  path.^^^    These  hypothetical  curves 
underscore  a  major  problem  in  planning  production  organization  to  minimize 
cost  of  ;^roduction  per  unit.    The  operator  who  hopes  to  accomplish  this  goal 
must  understand  his  cost  structure  and  effectively  vary  the  proportions  of 
his  resources  according  to  the  volume  of  production  in  order  to  take  full 
advantage  of  scale  economies. 

Short- Run  Versus  Long- Run  Average  Cost  Curves. --This  study  applies  the  tradi- 
tional short-  and  long-run  average  total-cost-per-unit  curve  concepts  in 
analyzing  economies  of  scale  (see  Figure  1?).    For  the  short  run,  land,  water 
supply,  and  machinery  are  considered  in  fixed  supply;  the  time  period  is 

1/    See  also  Heady,  Earl  0.,  Resource  Productivity  Returns  to  Scale  and 
Farm  Size  ,  Iowa  State  College  Press:    1956,  p.  87. 
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too  short  to  permit  changes.    Other  production  inputs,  primarily  labor  and 
production  capital,  are  assumed  to  be  available  at  the  current  market  price 
in  unlimited  quantities.    The  distinction  between  short  run  and  long  run 
in  this  analytical  framework  is  that  the  latter  allows  sufficient  time  for 
ms-chinery  to  wear  out  and  for  operators  to  provide  new  irrigation  facili- 
ties, and  to  purchase,  improve,  and  add  additional  acreage  to  existing 
farms.    Theoretical  short-run  average  total- cost-per-unit  curves  tradition- 
ally display  a  typical  U- shape,  reflecting  the  manner  in  which  a  constant 
magnitude  of  total  fixed  cost  is  spread  over  an  increasing  number  of  units 
as  production  increases.    These  short-run  cost  curves  follow  the  downward 
leg  of  the  U  until  maximum  utilization  and  efficiency  is  accomplished; 
further  increases  in  production  beyond  this  minimum  cost-per-unit  level 
causes  the  short-run  cost  curve  to  turn  upward.    This  latter  upturn  reflects 
full  utilization  of  fixed  factors  making  it  necessary  to  introduce  other 
less  efficient  or  more  expensive  inputs  as  a  necessary  condition  for  ac- 
complishing the  increased  output. 

A  series  of  short-run  cost  curves  can  represent  short-run  average  total- 
cost-per-unit  under  a  succession  of  resource  use  conditions  (see  SAC  1,  2, 
3,  and  k  in  Figure  IT).    Tlie  long-run  average  cost  curve  then  is  the  "enve- 
lope" curve  just  touching  (tangent  to)  each  of  the  short-run  curves  in  this 
series.    Such  a  combination  of  short-  and  long-run  cost  curves  represents 
the  typical  treatment  of  this  topic  familiar  in  economics  textbooks.  For 
planning  purposes  the  long-run  curve  has  parallel  significance  to  the 
ecouomies-of-scale  expansion  path  in  the  production  possibility  chart  (see 
Figure  l6).    Quite  commonly,  however,  hypothetical  diagrams  show  long-nin 
average  cost  curves  turning  upward  at  the  extreme  right  as  suggested  by 
the  dotted  line  in  Figure  15 .    This  analysis  did  not  establish  any  such 
tendency.    Perhaps  the  reason  may  lie  in  the  fact  that  the  maximum  farm  size 
studied  is  a  l,280-acre  unit.    Upturns  at  the  end  of  the  long-run  cost  curve 
might  reflect  increasing  costs  accompanying  extreme  size,  and  the  wide  geo- 
graphic areas  involved  in  very  large  farms.    This  study  excludes  farms  larger 
than  1,280  acres  due  to  the  relatively  slight  numerical  iii5)ortance  of  such 
large  units  in  the  study  area. 

Total  Revenue  as  "Product"  for  Multiple  Product  Farms. — The  previous  discussion 
eind  the  hypothetical  charts  relate  to  a  farm  or  other  firm  producing  a  single 
product.    The  problem  of  identifying  and  measuring  scale  economies  becomes 
highly  complicated  and  much  more  difficult  when  a  farm  produces  not  a  single 
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tut  a  variety  of  products.    Dean  and  Carter  provide  a  detailed  explanation 
of  methods  that  may  be  used  to  measure  output  for  a  farm  producing  multiple 
products  in  a  Yolo  County  Study .i^    A  satisfactory  method  for  calculating 
average  total  cost  curves  when  only  a  single  product  is  involved  consists 
simple  of  dividing  total  cost  by  the  number  of  units  of  output  at  each 
production  level.    But  this  simple  procedure  is  inadequate  for  farms  in- 
cluding several  products.    We,  therefore,  use  total  revenue  as  the  measure 
of  output  in  calculating  costs.    This  enables  us  to  compare  average  total 
cost  per  unit  of  revenue  (total  cost  divided  by  total  revenue)  as  production 
expands  for  each  of  the  three  farming  systems  within  each  farm  size.  The 
low  point  on  the  cost  curve  reflects  the  optimum  combination  of  products  in 
relation  to  available  resources  to  minimize  cost  per  dollar  of  output,  at 
constant  prices. 

Cost  curves  drawn  according  to  data  obtained  in  this  way  have  essentially 
the  same  meaning  as  the  traditional  textbook  cost  curves  (Figure  1?).  Linear 
programming  solutions  provided  the  total  revenue  and  total  cost  magnitudes 
for  a  range  of  outputs  maximizing  net  farm  income  within  the  framework  of 
this  study  (see  Table  9).    We  calculated  short-run  cost  curves  for  each  of 
the  five  farm  sizes  within  each  of  the  three  sets  of  alternative  crops, 
Systems  A,  B,  and  C,  and  plotted  the  resulting  data  to  obtain  cost  curves 
similar  to  those  in  Figures  IT  (see  Figures  l8-20).    The  short-run  cost  curves 
stop  at  the  minimum  with  full  use  of  the  fixed  factors  (land  and  water). 

Empirical  Evidence  From  This  Analysis  Indicates 
Definite  Size  Advantages 

Total  revenue  and  total  cost  data,  when  expressed  as  ratios  of  total  costs 
to  total  revenue,  suggest  the  existence  and  importance  of  scale  economies  under 
conditions  of  this  study. .  The  short-run  cost  curves  for  the  five  farm  sizes 
fit  within  a  coimnon  long-run  cost  envelope  typical  of  a  planning  curve  for 
the  long  run.    Unit  costs  consistently  decline  over  this  long-run  cost  curve 
for  each  of  the  three  groups  of  alternative  crops.    Sharpest  cost  reductions 
occur  between  the  8o-  and  l60-acre  farm  size,  with  the  cost  savings  tending  to 
diminish  as  between  pairs  of  farm  sizes  for  successive  increases  (see  Figures 
18-20).    Tlie  long-run  planning  curve  for  each  system,  however,  shows  continuing 


1/    Dean,  Gerald  W.,  and  Harold  0.  Carter,  Cost-Size  Relationships  for  Cash 
Crop  Farms  in  Yolo  County.  California,  California  Agr.  Expt.  Sta.,  Giannini 
Foundation  Mimeo  Kept.  No.  238,  Davis:    December  I96O. 
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Figure  l8 


Shortrun  Average  Cost  Curves  and  Longr\in 
Planning  Curve 
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0 

49,862 
63,842 
79,144 
83,881 
83,953 
84,156 
87,067 
87,537 
87,490 


0 

3l*,124 
49,021 
69,785 
76,237 
76,337 
76,614 
80,934 
81,923 
82,116 


64,000 
64,000 
64,000 
64,000 
64,000 
64,000 
64,000 
64,000 
64,000 
64,000 


64,000 
98,124 
113,021 
133,785 
140,237 
11*0,337 
l40,6l4 
144,934 
11*5,923 
146, 116 


00 
1.17 
1.00 

.90 

.88 
.87 
.87 
.86 
.86 
.86 


0 

83,986 
112,864 
148,930 
160,119 
160,291 
160,770 


0  0 
49,862  34,124 
63,842  49,021 
79,11*1*  69,785 
83,881  76,237 
83,953  76,337 
84,156  76,614 


64,000 
64,000 
64,000 
64,000 
64,000 
64,000 
64,000 


64,000 
98,124 
U3,021 
133,785 
140,237 
140,337 
I40,6l4 


1,280  acres 


0 

167,972 
253,980 
302,827 
323,303 
335,741 
341,425 
367,965 
424,113 
439,453 


0 

99,128 
147,129 
174,186 
183,767 
189,081 
191,378 
198,643 
211,602 
215,067 


0 

68,844 
106,851 
128,641 
139,536 
146,660 
150,047 
169,322 
212,511 
224,386 


131,893 
131,893 
131,893 
131,893 
131,893 
131,893 
131,893 
131,893 
121,893 
121,893 


l'U,893 
2C)0,737 
238,744 
260,534 
271,429 
278,553 
281,940 
301,215 
344,404 
356,279 


00 
1.20 
.91* 
.86 
.84 
.83 
.83 
.82 
.81 
.81 


0 

167,97a 
253,980 
302,827 
323,303 
335,741 
341,425 


0 

99,128 
147,129 
174,186 
183,767 
189,081 
191,378 


0 

68,844 
106,851 
128,641 
139,536 
146,660 
150,047 


131,893 

131,893 

00 

0 

131,893 

200,737 
238,744 

1.20 

167,972 

131,893 

.91* 

253,980 

131,893 

260,534 

.86 

302,827 

131,893 

271,429 

.84 

303,660 

131,893 

278,553 

.83 

321,108 
322,966 

131,893 

281,940 

.83 

0  0 
99,128  68,844 
147,129106,851 
174,186128,641 
174,535129,125 
181,722139,386 
182, 448140, 518 


131,893 

131,893 

00 

131,893 

200,737 

1.20 

131,893 

238,744 

.91* 

131,893 

260,534 

.86 

131,893 

261,018 

.86 

131,893 

271,279 

.84 

131,893 

272,411 

.84 
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cost  reductions  for  its  entire  length,  althouch  most  of  the  cost  economies 
are  attained  as  size  increases  from  the  80-  to  the  6'l-O-acre  size.  | 

Farm  profits  also  increase  with  farm  size,  as  indicated  on  a  per-unit- 
of-product  basis  by  the  increasing  vertical  distance  between  the  break-even 
line  and  long-run  planning  curve.    Here  again,  however,  the  gains  from  fur- 
ther size  increases  lessen  after  the  6U0-acrc  size  so  far  as  cost-per-unit 
savings  are  concerned.    Larger  farms  have  a  double  advantage:    First,  they 
show  wider  profit  margins  per  unit;  Second,  these  margins  are  multiplied 
times  a  greater  vol\ime  in  arriving  at  total  farm  profits.     On  the  other  side 
of  the  coin,  however,  the  larger  farms  involve  imich  greater  investments, 
with  consequent  increases  in  the  uncertainty  and  risk  accompanying  these 
larger  capital  requirements.    In  this  analysis,  as  in  previous  comparisons, 
System  A  with  the  widest  range  of  alternative  crops  holds  much  greater  ad- 
vantage over  System  B  than  the  latter  does  over  System  C  (limited  essentially 
to  blackeye  beans  and  feed  crops  in  addition  to  cotton).     The  widest  differ- 
ence in  the  shape  of  the  cost  curves  is  evident  in  comparing  the  curves  in 
Figure  l8  with  those  in  Figures  19  and  20.     The  data  for  System  A  according 
to  the  five  farm  sizes,  reflect  the  earnings  advantages  of  high  value  special- 
ty crops  such  as  cantaloups.    Tlie  result  is  to  spread  total  costs  over  a  much 
larger  volume  of  gross  receipts,  and  lower  the  minimum  points  for  the  short- 
run  cost  curves  below  those  for  alternative  Systems  B  and  C  (see  Figure  l6). 
The  groups  of  alternative  crops  available  under  these  latter  two  systems  do 
not  include  any  capable  of  matching  cotton  and  cantaloups  combined  in  gross 
receipts.    This  revenue  advantage  somewhat  improves  the  relative  position 
of  the  smaller  farm  sizes  under  System  A,  as  compared  with  the  more  typical 
combination  of  alternative  crops  represented  by  B  and  C. 

In  addition  to  lowering  average  cost  per  unit,  a  high  value  crop  also 
tends  to  increase  total  farm  profit  through  larger  gross  receipts.  Compara- 
tive data  on  net  returns-over-variable  expenses  per  acre  for  alternative 
crops  clearly  establish  cotton  as  the  dominant  high-gross-value-per-acre 
crop  among  the  general  crops  adapted  to  the  study  area.    Farm  operators  who 
are  able  to  combine  with  cotton  production  one  or  more  specialty  crops  that  . 
also  produce  relatively  high  gross  value  and  net  returns- over- variable  ex- 
penses per  acre  (such  as  System  A  group  of  alternative  crops)  have  a  decided 
advantage  over  those  operators  who  are  not  in  position  to  produce  the  specialty 
crops.    The  added  total  farm  gross  receipts  for  an  individual  farm  are  distri- 
buted over  the  same  total  farm  fixed  costs  and  therefore  favor  a  wider  spread 
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between  the  breeOc-even  line  and  the  average  short-term  total  cost  per  unit 
(see  Figure  l8).    In  addition,  the  higher  level  for  total  farm  gross  re- 
ceipts causes  the  minimum  cost  point  to  be  farther  to  the  right,  to  be  as- 
sociated with  a  greater  dollar  magnitude  for  gross  receipts. 

Farmers  and  others  concerned  with  agriculture  reasonably  may  ask  two 
questions  regarding  the  analysis  in  this  section:    First,  how  dependable 
are  the  results  as  indicators  of  future  developments  in  costs  and  earnings 
opportunities  on  farms  in  the  study  area;  Second,  how  may  farmers  use  the 
implications  of  these  results  to  improve  their  long-term  planning?  Two 
considerations  are  relevant  in  considering  these  questions:    First,  this 
analysis  does  not  conflict  with  the  basic  theoretical  framework  governing 
production  organization  and  scale  economies;  Second,  results  from  analyzing 
the  available  empirical  data  are  both  internally  consistent,  and  in  agree- 
ment with  the  general  pattern  of  farm  costs  and  earnings  in  relation  to 
farm  size  indicated  for  the  study  area. 

A  recent  report  by  Dean  and  McCorkle  of  the  California  Agricultural 
Experiment  Station  includes  data  that  are  highly  relevant  in  answering  the 
second  question  above.    Their  analysis,  supplying  projections  up  to  the 
year  1975  for  California's  agriculture,  indicates  relatively  sharp  increases 
in  acreage  and  production  of  three  major  California  farm  crops  or  groups 
of  crops  that  are  important  to  the  study  area.    Depending  upon  whether 
California  maintains  its  existing  share  of  total  United  States  production 
or  shifts  to  a  somewhat  different  estimated  share,  this  report  suggests 
that  fruits,  vegetables,  and  cotton  may  show  acreage  increases  ranging  from 
10  to  68  percent  as  compared  with  195'<-1957.^    These  crops,  except  for 
cotton  which  we  already  know  to  be  a  high  gross  value  crop,  typically  are 
specialty  crops  in  the  high-gross-value  category.    If  these  projections 
are  realized  and  if  these  analytical  results  fairly  measure  farm  cost  and 
earnings  opportunities,  four  general  observations  are  appropriate.  First, 
the  flatness  of  the  long-run  planning  curve  indicates  that  there  will  be 
little  tendency  for  farms  to  concentrate  around  any  one  optimum  size  (see 
Figures  18-20 ).     Second,  the  existing  tendency  toward  consolidating  smaller 
size  farms,  particularly  those  of  l60  acres  or  less,  probably  will  continue. 

1/  Dean,  G.  W.  and  C.  0.  McCorkle,  Jr.,  Projections  Relating  to  California 
Agriculture  in  19T3.  California  Agr.  Expt.  Sta.  Bui.  778,  Davis:  1961. 
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Third,  the  long-run  planning  curve  for  System  A,  based  on  specialty  as  well 
as  general  crops,  appears  more  appropriate  than  the  curves  for  either  the 
B  or  C  systems.    The  Dean  and  McCorkle  projections  support  this  view,  and, 
assiiming  that  finiit  and  vegetable  production  continues  to  shift  from  the 
Santa  Clara  Valley  and  Southern  California  into  the  San  Joaquin  Valley, 
this  tendency  will  "be  further  intensified.    Fourth,  higher  net  returns  to 
farmers  in  the  study  area  should  tend  to  increase  their  ability  to  pay  for 
Irrigation  water.    This  latter  improvement  may,  for  example,  support  a 
higher  irrigation  water  price  level  including  both  variable  and  fixed  costs. 
Such  a  development  would  be  consistent  with  the  findings  of  this  study 
that  increasing  farm  size  and  adding  high  gross  values  specialty  crops  to 
farming  systems  tend  to  increase  total  farm  net  returns-over-variable 
expenses  and  profits.  ^ 

To  the  extent  that  such  increases  in  net  retums-over-variable  costs 
exceed  total  farm  fixed  costs  by  wider  margins  than  those  necessary  to 
provide  satisfactory  returns  for  management,  as  such,  they  shoiild  tend  to 
increase  the  amounts  that  farmers  can  use  to  pay  for  irrigation  water. 
Whether  they  will  be  willing  to  use  them  for  this  purpose,  either  to  pur- 
chase more  water  at  the  same  prices,  or  to  pay  higher  prices  for  the  same 
quantities,  will  depend  on  the  same  demand- regulating  forces  already 
examined  in  a  previous  section. 
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CONCLUSIONS 

Findings  in  this  present  study,  based  on  five  farm  sizes  one  of  which 
is  the  6U0-acre  vinit  in  the  earlier  report,  fully  confirm  and  extend  the 
conclusions  in  the  first  report.    They  identify  the  impact  of  farm  size  on 
how  variations  in  water  quantities    and  in  water  costs  affect  farm  organi- 
zation and  earnings,  and,  since  the  five  sizes  collectively  include  most 
cotton-producing  farms  in  Tulare  County,  they  provide  a  reasonably  complete 
perspective  on  all  such  farms  in  the  study  area.    Our  analyses  indicate 
clearly  that  farm  size  does  affect  farmer  ability  to  pay  for  irrigation 
water;  the  l,280-acre  model  shows  break-even  net  return-over- variable  costs 
at  about  $12. 60  per  acre-foot,  compared  with  $3 '50  for  the  80-acre  unit, 
both  costs  based  on  a  range  of  alternative  crops  that  includes  cotton, 
but  no  other  high  gross  and  net  return  crop.    Farms  of  all  sizes  also  show 
advantages  to  operators  who  are  able  to  produce  and  market  one  or  more  of 
the  specialty  crops  with  relatively  high  net  returns  per  acre,  in  addition 
to  cotton.  I 

We  believe  that  our  results  deserve  careful  examination  by  both  farmers, 
and  those  involved  in  making  irrigation  water  available  to  them.  Legislators, 
policy  makers,  and  administrators  concerned  with  developing  and  distributing 
water  supplies  occupy  prominent  positions  in  the  latter  category.  Specifi- 
cally, this  study  shows  that  farmers  can  improve  efficiency,  reduce  average 
total  costs  per  unit  of  product,  and  increase  profits  by  applying  the  gains 
that  come  from  scale  economies.    They  should  avoid  operating  farms  of  such 
small  size  that  relatively  high  per-unit  costs  and  low  profits  are  inevita- 
ble.   Farmers  on  cotton-general  crop  farms  who  do  expand  farm  size,  however, 
should  expect  to  obtain  most  cost  savings  by  the  time  they  reach  the  6kO- 
acre  size.    Further  gains  in  profits  accrue  to  operators  on  larger  farms, 
of  course,  due  to  their  greater  volume  of  production,  providing  that  such 
farmers  are  successful  in  obtaining  cost  savings  due  to  scale  economies. 
Managements  earnings  are  negative  on  80-  and  only  $2,800  per  year  on  l60- 
acre  farms  under  conditions  of  this  study.  ^ 

Existing  trends  in  farm  size  indicate  that  many,  if  not  most,  farmers 
recognize  these  size  relationships  with  costs  and  earnings,  and  that  they 
are  striving  to  apply  them  to  their  own  advantage  by  consolidating  and  in- 
creasing size  of  smaller  operating  units.    We  expect  this  trend  to  continue, 
but  do  not  anticipate  any  strong  tendencies  toward  cortcentration  within  a 
particular  size  interval. 
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The  important  conclusions  from  this  size  variation  study  for  water- 
developers  and  distributors  are  five.    First,  there  are  practical  limits  at 
relatively  low  levels  per  acre-foot  for  water  prices  (costs)  that  will  per- 
mit farmers  to  stay  in  business,  much  less  to  receive  acceptable  returns 
for  management,  supervision,  and  risking  their  capital.    Second,  farmer 
demand  for  irrigation  water  is  relatively  sensitive  to  water  price  changes, 
particularly  within  the  higher  ranges,  and  growers,  therefore,  can  be  ex- 
pected to  reduce  quantities  of  water  purchased  and  used  as  prices  increase. 
Third,  wide  variations  exist  among  farm  sizes  and  cropping  systems  in  the 
ability  that  farmers  have  to  pay  for  irrigation  water.    Fourth,  on  most 
cotton-producing  farms,  this  crop  has  superior  ability  at  current  price 
support  levels  to  pay  for  water,  as  compared  with  other  available  alterna- 
tives, but  is  limited  to  its  present  contribution  by  acreage  regulations. 
The  authors  believe,  fifth,  that  increased  production  of  cotton  and  specialty 
crops,  and  the  time  necessary  for  market  growth  permitting  such  expansion, 
offer  the  most  likely  possibility  for  strengthening  famer  ability  to  pay 
for  irrigation  water  in  the  San  Joaquin  Valley  Eastside. 

Philosophical  and  social  concepts  and  viewpoints,  as  well  as  economics, 
are  involved  in  the  over-all  question  of  how  much  to  charge  farmers  for  ir- 
rigation water.    This  analysis  does  not  undertake  to  deal  with  these  issues. 
We  do  wish  to  point  out,  however,  that  variations  in  farm  size  and  the  range 
of  alternative  crops  available  to  farmers  in  an  area  such  as  the  San  Joaquin 
Valley  Eastside  can  present  cheillenging  problems  to  those  responsible  for 
deciding  water  costs  and  prices  that  farmers  are  required  to  pay.    Thus  a 
cost  that  effectively  could  price  small  operators  and  other  less  economi- 
cally capable  buyers  out  of  the  market  still  could  be  low  enough,  according 
to  results  in  this  study,  to  permit  profitable  operation  for  larger,  and 
lower-cost,  farmers.    Lower  water  costs  to  make  water  available  to  the  group 
previously  excluded  would  make  wider  profit  margins  possible  for  the  more 
economically  capable  farmers. 

A  further  comment  is  appropriate  about  cotton  in  relationship  to  alter- 
native sources  of  farm  earnings  in  the  San  Joaquin  Valley  Eastside.  Our 
analysis  of  the  five  individual  farm  sizes  indicates  that  cotton  acreage  and 
production  should  expand  to  about  double  their  I956-I96O  levels  if  price 
supports  and  acreage  allotments  were  removed,  but  that  total  farm  net  returns- 
over-  variable  expenses  would  not  differ  greatly  from  those  at  present.  This 
is  because^price  supports  are  quite  high  compared  with  either  the  prices  at 
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which  farmers  would  find  cotton  relatively  more  profitable  than  other  alter- 
native crops  (except  for  high-return  specialty  crops)  or  the  world  market  for 
cotton.    Here,  again,  market  growth,  both  in  cotton  and  in  relatively  profit- 
able specialty  crops,  offers  the  best  chance  for  higher  farm  earnings  and 
improved  ability  to  pay  for  irrigation  water.    Various  studies  suggest  that 
progress  toward  such  growth  may  occur  during  the  period  from  196O  to  1975* 
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APPEKDIX  TABLES 


APPENDIX  TABLE  1 


Calciilntion  Mothoda  For  Dctormininc  Annual  Fixed  Coats  On  Farm  Property  Or 
Capital  Goods  (illustrated  by  70  drawbar  horsepower  traciaayer  tractor ).£/ 


Non-cash  costs 


1.    Interest  (6^  of  average  investment) 


iginal  cost  +  salvag' 


a^e  valuej 


6/100   -I    $17,160  +  $2,4o2~[  6/100   -  $537 


] 


Depreciation 

Oricinal  cost  -  salvage  value 
years  on  farm 


=    j>17,l60  -  $2,li02 
10 


TOTAL 

Cash  costs 

1.  Taxes 

Assessment  ©  35^  of  average  investment  =  $3,^23  x  6.5^  le\'y  = 

2.  Insui'ance 

Estimated  @  0.75^  of  average  investment  = 
TOTAL 

ALL  FIXED  COSTS 


l,'^76. 
$2,063. 


$222. 
73. 

$2,358, 


a/  Fixed  costs  in  this  report  include  "overhead"  costs  that  the  fai-Tii  operator 
incurs  largely  regardless  of  variations  in  the  scope  of  his  annual  operations. 
A  heavy  proportion  of  these  costs  relate  directly  to  land,  machineiy  and  other 
capital  goods;  some  refer  to  such  overhead  as  "cost  of  o\mlng"  such  property,  or, 
simply,  as  "capital  costs."    Another  important  category  of  fixed  costs  is  those 
administrative  expenses  that  are  unavoidable  in  the  function  of  managing,  but 
that  are  difficult  if  not  impossible  to  allocate  to  specific  income -producing 
activities,  or  enterprises.    Among  this  latter  group  are  office  expenses,  organi- 
zation dues,  social  security  taxes,  and,  in  this  study,  irrigation  demand  charges 
and  district  assessments. 
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Calendar  of  OperstiODs  and  Pttyslcal  Inputs  Per  Acre;  Cotton  on  Ctalno  Clay  Loaa 

t^xler  100  Percent  Soil  Moisture  Depletion  Practice 


Crew  and  equipment 

Acres  per 
9-hour 

Hours 

per  acre 

Dates  and  operations 

Men 

Power 

EguiTaaent 

day 

man 

tractor 

Materials 

1 

2 

3 

5 

5 

7 

S 

160-acre  farm 

PREPIABT 

Dec. 

Disc  (2X) 
PlOV 

1 
1 

W-2  (35HP) 
w-2 

7'6"  offset  disc 
2-way  moldboard  2-l6" 

18 
9 

1.00 
1.00 

1.00 
1.00 

Jan. 

landplane ,  contract 
Chisel,  contract 
Disc  (2X) 
List 

1 
1 

W-2 
W-2 

Contracted  at  ^.^0  per  acre 
Contracted  at  $6.50  per  acre 
T'6"  offset 
k-n  lister 

18 
36 

1.00 
.25 

1.00 
•  25 

Head  ditch 
Prelrrlgate 
Pill  ditches 

1 
1 
1 

W-2 
W-2 

2k"  ditcher 
8'  scraper 

150 
225 

.06 
1.00 
.04 

.06 
•  04 

March 

Harrow  and  roU 
Float 

1 
1 

W-2 
W-2 

30'  apilffitooth,  30'  roller 
12'  X  30' 

30 
30 

.60 
.60 

.60 
.60 

CUUTORAL 

April 

Plant 
Cultivate 

Cultivate  and  furrow 

2 
1 
1 

W-1  (25HP) 

W-2 

W-2 

k-'lR  planter 
U-R  cultivator 
1^-R 

18 
18 
18 

1.00 

.50 
•50 

.50 
.50 
.50 

25  lbs .  seed  per  acre 

May 

to 

Aug. 

Sead  ditch 
Irrigate 
PiU  ditches 
Cultivate  (2X) 
Head  ditch 
Irrigate 
Fin  ditches 
Cultivate  (2X) 
Head  ditch 
Irrigate 
Pill  ditches 
Cultivate  (2X) 
Head  ditch 
Irrigate  {hx) 

Fi.12.  ditches 
Chop  (2X),  contract 
Dust  (2X),  contract 
Fertilize  (2X),  contract 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

W-2 

W-2 
W-2 
W-2 

W-2 
W-2 
W-2 

W-2 
W-2 
W-2 

W-2 

2h" 

8'  scraper 
2k" 

8'  scraper 

U-R 

21*" 

8'  scraper 

U-R 

2V 

8'  scraper  1 
Contracted  at  fl5 • 00  per  acre— ^ 
Contracted  at      . 50  per  acre 
Contracted  at  $3-50  per  acre 

150 

225 
18 
150 

225 
18 
150 

225 
18 
150 

225 

.06 

1.00 
.04 

!o6 

1.00 

.04 
1.00 

.06 

1.00 
.04 
1.00 

.06 

4.00 
.04 

.06 

.04 

'.06 

.04 
1.00 

.06 

.04 
1.00 
.06 

.04 

Total  water  for  Irrigation  =3.90 
acre-feet 

1     Ob1        O^tC   nTVT    1—1  /O    Ti-ln-f-  Cira-l-nv 

-I-  ijaj-.  ^7fi  ui/ij  J.— J./ c  pxnT^  sysfcox 
125  lbs.  N  per  acre 

HARVEST 

Oct.-Hov. 

Defoliate,  contract 

Pick  (2X) 

Haul 

2 
1 

W-2 

Pickup  1/2 T 

Contracted  at  $2.50  per  acre 
1-R  picker 
6-bale  trailer 

3 

18 

3.00 
.50 

3.00 

15  gal.  diesel ,  1  qt .  dlnltro 

Dec. 

Cut  stalks 
TOTAIS 

Equipment  service  time 
(©  1/9  operating  hours) 
ADJUSTED  TOTALS 

1 

W-1 

2-R  cutter 

36 

•  25 
18.70 

1.40 
20.10 

.25 
12.70 

~~ 

12.70 

PREPLAIfr 

1,280-acre 

farm 

Disc  {2X) 
Plow 

1 
1 

TI,-7 
TL-7 

18 •  offset  disc 
2-way  moldboard  k-X6" 

ll5 
18 

.40 

.50 

.40 
.50 

Jan. 

landplane 
Subsoil 
Disc 
Furrow 

1 
1 
1 
1 

TL-7 
TL-7 
TL-l 
W-2 

12'  X  60'  landplane 
3-20"  shanks 
12'  offset  disc 
k-ft  lister 

30 
14 
27 
18 

.30 
.67 
.30 
.50 

.30 
.67 
•30 
.50 

FeD. 

Head  ditch 
Prelrrlgate 
Pill  ditches 

1 
1 
1 

TL-I> 
TL-l* 

60"  ditcher 
10'  Bcraper 

300 
9 
1*50 

■  03 
1.00 
.02 

.03 

.02 

March 

Barrcni  and  roll 
Float 

1 
1 

TL-t 
TL-k 

20*  splketooth,    20'  roller 
12'  X  30' 

45 
45 

.20 

.20 

.20 
.20 

CULTURAL 

April 

Plant 
Cultivate 

2 
1 

W-1 
W-2 

k-R  planter 
U-R  oiltivator 

18 
18 

1.00 
.50 

.50 
.50 

35  lbs.  seed  per  acre 

May 

to 

Aug. 

Cultivste  and  furrow 
Head  ditch 
Irrigate 
Fill  ditches 
Cultivate  (2X) 
Head  ditch 
Irrigate 
Fill  ditches 
Cul t i va t e  ( 2X ) 
Head  ditch 
Irrigate 
Pill  ditches 
Cultivate  (2X) 
Head  ditch 
Irrigate  (lix) 

Fill  ditches 
Chop  (2X) ,  contract 
Fertilize  (2X),  contract 
Dust  (2X),  contract 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

W-2 
TL-ll 

TL-lt 

W-2 

Ih-h 

TL-U 

W-2 

TL-l* 

TL-U 

W-2 

TL-ll 

TL-ll 

U-R 

60"  ditcher 

10'  scraper 
U-R 

60"  ditcher 

10'  scraper 
U-R 

60"  ditcher 

10'  scraper 
U-R 

60"  ditcher 

10 '  scraper  * 
Contracted  @  $15.00  per  acre^ 
Contracted  @  $3-50  per  acre 
Contracted  @  $7.50  per  acre 

18 
300 
9 
I150 
18 
300 
9 
450 
18 
300 
9 
450 
18 
300 
9 

I150 

.50 

.03 
1.00 

.02 
1.00 

-03 
1.00 

.02 
1.00 

■  03 
1.00 

.02 
1.00 

.03 
4.00 

.02 

•50 
.03 

.02 
1.00 
■03 

.02 
1.00 
.03 

•  02 
1.00 
.03 

.02 

Total  water  for  Irrigation  =3-90 
acre-feet 

125  lbs.  N  per  acre 

1  gal.  25^6  DOT,  1-1/2  pint  Systox 

HARVEST 
Oct. -Nov. 

Defoliate,  contract 

Pick  (2X) 

Haul 

2 
1 

S.P. 

Pickup  1/2 T 

Ccmtracted  @  $2.50  per  acre 

2-R  S.P. 

5 -bale  trailer 

13 
18 

1.40 
.50 

1.40 

15  gal.  diesel,  1  qt.  dlnltro 

Dec. 

Cut  stalks 
TOTALS 

Equipment  service  time 
(@  1/9  operating  hours) 

1 

W-1 

U-R  cutter 

72 

■  25 

1.04 

ADJUSTED  TOTALS 

19T35 

"935 

a/  Contract  rates  cover  only  services,  excluding  all  materials  costs. 
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APPENDIX  TABLE  3  ^ 
Variable  Input  Expenses  Per  Acre  by  Fsno  Sizes;  Cotton— According  to  Soils  and  Irrigation  Practices 


l60-acre  farm 

320-acre  farm 

640-acre  farm 

1  , 280-1 

icre  farm 

Input  items 

Chlno  c.l. 

Traver  f.a.l. 
lOO^t 

Chino  c.l. 

_6o^ 

Traver  f.s.l. 

lOOjt 

Chino  c.l. 

Traver  f.s.l. 
lOOjt 

Chlno  c 

1. 

Traver  f.s.l. 
lOOit 

1 

2 

3 

5 

7 

9 

PREHARVEST 

dollars,  except  as  noted 

a.  Power 

1)  Ught  tractor  (Wl  -  25  HP) 
21  Medium  tractor  (W2  -  35  HP) 
3)  Medium  tracklayer  (TL't  -  1*5  HP) 
It)  Heavy  tracklayer  (TLf  -  60  HP) 

•  52 
7^95 

•  52 
7.95 

.50 
4.61 
3-09 

.50 
4.61 
3-09 

1.04 
3-82 

1.04 
4.31 

3.82 

•35 
4.32 

1.12 
3-57 

■  35 
4,32 
1.12 
3-57 

Total 

8.U7 

■ 

8.20 

B.20 

9.17 

9-17 

9.36 

9.36 

b.  Tiansport 

1)  Pickup  truck  (l/2  ton) 
b/ 

c.  Machinery-' 

1)  Plow 

2)  Chlael 

3)  Disc 

h)  Lendplane 

5)  Splketooth  harrow 

6)  Roller 

7)  Planter 

8)  Cultivator  \ 

9)  Lister  ) 
10^  Ditcher 

11)  Scr&per 

12^  Stalk  cutter 

vxS  Float  . / 

14)  Lister^' 

15)  Cultivator 

2.63 

2.63 

4.40 

4.40 

2.48 

2.48 

2.48 

2.48 

■  03 

.12 
.10 

OS 
.up 

.05 
.03 
.02 
.06 
.09 
.03 

.50  , 
6.50^/ 

•50  , 
5.50^' 

.03 

.  12 

.10 

OS 

.05 
.03 

.02 

.06 
.09 
.03 

-35 

.50 
.07 

.01 

.  U*l- 
.10 
OS 

-05 

.02 
.01 
.10 

-03 

.02 

.50 
.07 

5:roa/ 

.01 
nil 

.10 

•  05 

.05 

•  02 
.01 
.10 

.03 

.02 

.50 
-17 
.21 
.12 
.01 
.04 
.10 
.20 
.20 
.02 
.01 
.06 
.03 
.02 
.20 

■  50 
.17 
.21 
.12 
.01 
.04 
.10 
.20 
.20 
.02 
.01 
.06 
.03 
.02 
.20 

1,10 
.15f 
■  23- 

•  15 

.02 
.02 
.10 
.05 
-05 
.02 
.01 
.03 
.03 
■05 
.35 

/ 

1. 10 

-23- 
.15 

•  02 
.02 
.10 

•  05 
■05 
.02 
.01 
■03 
■03 
■05 
•35 

Total 

1.93-' 

1.93^/ 

1.622/ 

1.89 

1.89 

2.36 

2.36 

d.  Labor 

1)  Specialized 

2)  General 

12-59 
17.10 

12.59 
15.98 

10.62 
17. 10 

10.62 
15. 90 

10.82 

J.  I  .  J.U 

10.82 

1  R  oft 

10.56 
17. 10 

10.56 

IS  Q8 

Total 

29-69 

2B.57 

27.72 

26.60 

27.92 

26.80 

27.66 

26.51* 

e.  Contract 

1)  Fertilize  -  materials 

application 

2)  Dust          -  materials 

application 

3)  Chop,  weed  and  thin 

Total 

17.82 
3.50 

12.50 
7.50 

16.80 
3-50 

12-50 
7-50 

15 . 00 

17.62 
3-50 

12-50 
7.50 

1 5 . 00 

16.60 
3-50 

12.50 
7.50 

15.00 

15.85 
3.50 

12.50 
7.50 

15.00 

14.95 
3.50 

12.50 
7.50 

15.00 

15.85 
3.50 

12.50 
7.50 

15.00 

14.95 
3.50 

12.50 
7.50 

15.00 

68. 32^/ 

67 . 30fi^ 

61.626/ 

6O.60S/ 

Sit.  35 

53  •'*5 

54.35 

53. '15 

f.  Materials 

1)  Sfc  .d 

2-75 

2.75 

2.75 

2.75 

2^75 

2.75 

2.75 

2.75 

g.  Wtiter 

1)  For  irrigation 

13. 1*3 

12.82 

13.43 

12.82 

13- '13 

12.82 

13- '13 

12.82 

h.  Miscellaneous 

1)  Labor  and  materials 

1».50 

It. 50 

4.50 

4.50 

5^00 

5.00 

5.50 

5.50 

Total  preharvest 
Interest  on  operating  capital 
Total  preharvest  plus  Interest 

131.72 

128.97 
U.51 

124.24 

121.49 
4.25 

116.99 
4.09 

114.36 
4.00 

117.89 
4.1? 

115.26 
4.03 

136.33 

133. '♦s 

128.59 

125 .  1 

Icl . uo 

J-iO.  JO 

3-c.r  •  VJc 

HARVEST  (yield  in  bales) 

2.29 

1.90 

2.29 

1.90 

2.29 

1.90 

2.29 

1  .90 

a .  Power 

1)  cottonplcker 

^h/ 
12.562' 

^h/ 
12.562' 

r,  h/ 

8. 51-' 

0  ,-,b/ 
8. 51-' 

7-42 

7. 42 

7. 42 

7  ■  **^2 

b.  Transport 
1)  Pickup  truck 

•  J  J 

. 

.38 

.38 

.62 

.51 

.38 

■38 

c.  Machinery 

1)  Cotton  trailer 

.25 

.25 

■  25 

■25 

.25 

.25 

.25 

•  25 

d.  Labor 

1)  Specialized 

8.99 

8.99 

8.66 

8.66 

1.87 

1.87 

2.69 

2.6y 

e*  Contract 

1)  Defoliate  -  material 

application 

2)  Ginning  costs 

Total 

3.00 
2.50 

3't-35 

3.00 

2.50 
28.50 

3.00 
2.50 
3'k35 

3.00 
2.50 
28.50 

3.00 

2.50 
3'>.35 

3.00 
2.50 
28.50 

3.00 
2.50 
34.35 

300 
2.50 

2rt.5U 

39-85 

34.00 

39-85 

34.00 

39.85 

34.00 

39^85 

3'i.00 

Total  harvest 
Total  preharvest 
Total  variable  inputs 

52.0i4 
136.33 

56.19 
133.48 

57.65 
128.59 

51.  Bo 
125.7'* 

50.01 
121.08 

0i.o4 
118.36 

50.59 
122.02 

44.7'. 

ii:).?9 

198.37 

189.67 

186.24 

177- S"! 

171 . 09 

162. 4o 

172.61 

b/  Machinery  sizes  vary  with  farm  size. 

cj  Per  acre  contract  costs  for  these  operations. 

d/  Individual  use. 

e/  Totals  exclude  contracted  operations  (c/). 

f/  Includes  $.4  for  18'  disc  and  $.09  for  12'  disc. 

«/  Total  includes  machliE  ry  operations  contracted  (footnote  c/). 

n/  Includes  $2.8l  fur  a  tractor  (W2)  to  pull  the  picker  on  160  and  on  320. 
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APPEKDIX  TABLE  14- 


Variable  Input  Expenses  and  ITet  Returns  Per  Acre  by  Farm  Sizes; 
Cotton — According  to  Soils  and  Irrigation  Practices  a/ 


160-acre  farm 

320-acre  farm 

640-acre  farm 

1,280-acre  ferm 

Inputs  "by 

CMno  c  .  1 . 

Traver  f.s.l. 

Chino  c .  1 . 

Traver  f.s.l. 

Chino  c.l. 

Traver  f.s.l. 

Chino  c.l. 

Traver  f.s.l- 

categories 

SCfp 

lOOf. 

60^^ 

lOOfo 

60-fe 

100^ 

6of^ 

100^ 

1 

2 

3 

4 

5 

 > 

D 

7 

u 
u 

9 

dollars,  except  as  noted 

a .  Power 

8.U7 

8.4? 

8.20 

3.20 

9.17 

9.1'7 

9.36 

9.36 

D .  Transport 

2.63k/ 

4.40,  / 

2.48 

2.48 

2.43 

2.48 

c .  i'i£cn.--nery 

1.93^/ 

1.93^/ 

1.62^ 

1.62^'' 

1.89 

1.89 

2.36 

2.36 

d.  Labor 

29-69  / 

28.57  / 

27.72  / 

26.60 

27-92 

p6.  80 

27.66 

26.54 

e .  Contract 

68.32^' 

67.30^' 

61.62^' 

60.60 

54.35 

53.45 

54.35 

53-^5 

f .  Kiaterial  s 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

g.  TJater 

13-^3 

12.82 

13-^3 

12.82 

13-^3 

12.82 

13.43 

12.82 

h.  MLscelleneous 

i;.50 

4.50 

4.50 

4.50 

5.00 

5.00 

5.50 

5.50 

Total  preharvest 

■with  interest 

136.33 

133-  ^8 

128.59 

125 . 74 

121.08 

118.36 

122.02 

119-29 

nAt.vJioi  \^yiej.a.-Da±es ; 

2.29 

1.  90 

2.29 

1.  90 

2.29 

1. 90 

2.29 

1. 90 

a .  Power 

12.56^' 

_  / 

12.56^' 

8.51-'' 

8.51-/ 

7.42 

7.42 

7.42 

7-42 

b .  Transport 

.39 

.39 

.38 

.38 

.62 

.51 

-38 

•  38 

c .  lvi£chiner\- 

.25 

.25 

•  25 

•25 

-25 

.25 

•25 

.25 

d.  Labor 

8.99 

8.99 

8.66 

8.66 

1.87 

1.37 

2.69 

2.69 

e .  Contract 

39.85 

34.00 

39.85 

34.00 

39.85 

34.00 

39-85 

34.00 

Total  harvest 

62.  Oi^ 

56.19 

57.65 

51. Bd 

50.01 

44.05 

50.59 

44.74 

Total  variable  inputs 

198.37 

169.67 

186.24 

177.54 

171.09 

162.40 

172.61 

164.03 

Yield  per  acre 

1.1^5  lb. 

950  lb. 

1.145  lb. 

950  lb. 

1.145  lb. 

950  lb. 

1.145  lb. 

950  lb. 

Price  per  pound 

.33 

.33 

.33 

.33 

.33 

.33 

-33 

.33 

Gross  receipts ,  lint 

377.85 

313.^8 

377.85 

313-^8 

377.85 

313- i+8 

377.85 

313-^ 

Gross  receipts,  seed 

42.08 

34.76 

42.08 

3^^.76 

42.08 

3^^.76 

42.08 

34.76 

Total  gross  receipts 

419.93 

3^«.26 

419.93 

34a. 26 

419. 93 

348.26 

419.93 

348.26 

"Set  returns 

221.56 

158.59 

233.69 

170.72 

248.84 

135.86 

247.32 

184.23 

TIet  returns  above 

water  e/ 

234.99 

171.41 

247.12 

183. 5^^ 

262.27 

198.68 

260.75 

197-05 

e/'  Irrigatici-j  practice  includes  60  percent  soil  moisture  depletion  on  Chino  soil  and  100  percent  on  Traver  soil. 

b,  Totals  exclude  contracted  operations. 

£j  Total  includes  machinery.''  operations  contracted. 

d/  Includes  $2.8l  for  tractor  (W2)  to  pull  the  picker  on  I60  and  $2.89  on  320. 
ef  Net  returns  with  cost  of  irrigation  water  excluded  from  the  expense. 


APPENDIX  TABLE  5 

Variable  Input  Erpenses  and  Net  BeturnE  Per  Acre 

Summary  by  Crops  for  All  T^rm  Sizes; 
Chlno  Clay  U)am  According  to  Irrigation  Practices  a/ 


Expense  or  re- 

Alfalfa 

Barley 

Beans 

Melons 

Milo -double  crop 

Milo -sing 

le  crop 

Sugar  t 

leets 

ceipt  item 

lOOH 

100^!. 

100% 

100* 

80* 

100% 

100% 

60?> 

1 

2 

if 

1+ 

5 

7 

s 

9 

10 

11 

12 

13 

15 

160-Acre  Taxm 

Preharvest  inputs 
Harvest  Inpruts 
Total  inputs 
Yield  per  acre 
Price  per  unit 
Gross  receipts 
Het  returns 

61.20 

1*7.77 
108.97 
7.19T 

25.57/T 
163.85 

71*. 86 

61.91* 

1*9.77 
111.71 
7.6IT 

25.57/T 
191*.  59 

82.88 

1*6.35 

10. 71 

57.06 
31.1*0cvt 

2.16/cvt 
67.62 
10.76 

51*. 01 

1*0.59 
91*. 60 
19.12cvt 

8.53/cvt 
163.09 
68.1*9 

55.79 
1*2.61+ 
96.1*3 
20.1*0cvt 
6.53/cvt 

171*.  01 

75.58 

55.03 
1*1.1*2 
96.1*5 
19.6i*cvt 
6.53/cvt 

167.53 
71. oS 

136.02 
351.00 
1*67.02 

l80.00crtE. 

3.60/crt. 
661*.  00 
196.98 

138.67 
37i*.i+0 
513.07 
192.00crtB. 

3.60/crt. 
729.60 
216.53 

1*4.37 
12.96 
57.33 
U*.80cvt 

2.09/cvt 
93.63 
36.30 

1*6.89 
13.60 
60.1*9 
l*8.0Ccvt 
2.09/cvt 
100.32 
39-83 

1*6.57 

11*. 06 

60.95 
l*l*.80cvt 
2.09/cvt 
93-63 
32.66 

1*8.33 
li*.8o 

63.13 
1*8. 00c  wt 
2.09/cvt 
100.32 
37.19 

11*2.77 
56.16 
198.93 
21.60T 
13.25/T 

256.20 
57.27 

11*3.28 
60.06 

203.51* 
23.IOT 
13.25/T 

3C6.08 
102.":!- 

Het  returns 
above  vater  b/ 

93.01 

101.31* 

16.26 

71*.  17 

82.06 

77.22 

20l*.62 

225.36 

l*J*.l*7 

1*9.11* 

1*0.81 

1*6.1*3 

102.91 

U6.60 

320-Acre  Tarm 

Preharvest  Inputs 
Harvest  inputs 
Total  inputs 
Yield  per  acre 
Price  per  unit 
Gross  receipts 
Het  returns 

61.1*2 

1*7.23 
108.65 
7.I9T 

25.57/T 
163.65 

75.19 

62.17 

1*9.23 
111.1*0 
7.6IT 

25.57/T 
19»*.59 

83.19 

1*2.75 
10.65 
53.1*0 
31.1*0cvt 
2.16/cvt 
67.62 
11*.  1*2 

50.26 

1*0.59 
90.87 
19.12cvt 
8.53/cvt 
163.09 
72.22 

52.09 
1*2.61* 
91*  .73 
20.1*0cwt. 
8.53/cvt 
17i*.01 
79.26 

51.31* 
1*1.1*2 

92.76 

19.6l*cvt 
e.53/cvt 
167.53 
71*. 77 

127.60 
351.00 
1*78.60 
l80.00crts. 

3.80/crt. 
661*. 00 
205.1*0 

130.25 
37l*.l*0 
50l*.65 
192.00orts. 

3.80/crt. 
729.60 
221*.  95 

1*3.32 
12.96 
56.26 
l*i*.80cvt 
2.09/owt 
93.63 
37.35 

1*5.65 
13.60 
59-1*5 

ue.oocvt 
2.09/ewt 
100.32 

1*0.67 

1*6.76 
lU.08 
60.86 
1*1*  .60cvt 

2.09/cvt 
93.63 
32.77 

1*6.21* 
li*.8c 
63.  cu 

1*6. 00c  vt 
2.09/cvt 
100.32 
37.26 

133.51* 

56.16 
169.70 

2I.6OT 

13.25/T 
266. 2C 

96.5c 

134.05 
60.06 

194.11 
23.IOT 
13.25/T 

306.06 

111.9'!' 

Bet  returns 
above  water  b/ 

93.32 

101.65 

19.92 

77.90 

85.76 

80.91 

213.01* 

233.78 

1*5.52 

50.16 

1*0.90 

1*6.52 

112.11* 

127.83 

61*0-Acr«  Ftxm 

Pr«lier»««t  inputs 
Harvest  inputs 
Total  inputs 
Yield  per  acre 
Price  per  unit 
Gross  receipts 
Net  returns 

60.25 

1*9.22 
109.1*7 
7.I9T 

25.57/T 
163.85 

71*. 38 

61.00 

51.51* 
112.51* 
7.6IT 

25.57/T 
19«.59 

82. 05 

50. 59 
10.71 
1*9.30 
31.1*0cvt 
2.16/cwt 
67.82 
18.52 

1*8  66 
1*0. 59 
89.27 
19.12cvt 
6.53/cvt 
163.09  • 
73.82 

50.^7 
1*2.61* 

93.11 

20.1*0cvt 
8.53/cvt 

171*.  01 

60.90 

1*9.71 
1*1.1*2 
91.13 
19.61*cvt 
8.53/cvt 

167.53 
76.1*0 

121.22 
351.00 
1*72.22 
I80.00crt8. 

3.60/crt. 
681*. 00 
211.78 

123.67 
37l*.l*0 
1*96.27 
192.00crts. 

3.80/crt. 
729.60 
231.33 

1*0.86 
12.96 
53.81* 
i*l*.80cvt 
2.09/cvt 
93-63 
39.85 

1*3.31* 
13.60 
56.91* 

l*8.00cvt 
2.09/cvt 
100.32 
1*3.38 

M*.86 
12.96 
57.82 
U*.80cvt 
2.09/cvt 
93.63 
35.81 

1*6.32 
13.6c 
59.92 
l*6.00cvt 
2.09/cvt 

1*0.1*0 

127.01 
56.16 

183.17 
2I.6OT 
13.25/T 

266.20 

103.03 

127 . 52 
60.06 

167.56 
23.10T 
13.25/T 

206.08 

116.50 

Net  returns 
above  vater  b/ 

92.52 

100.52 

21*.  02 

79.50 

87.38 

62.51* 

219.1*2 

2I+O.16 

1*6.02 

52.69 

1*3.91* 

1*9.61* 

118.67 

131* -36 

1,280-Acre  Pana 

Preharvest  Inputs 
Harvest  inputs 
Total  inputs 
Yield  per  acre 
Price  per  unit 

60.56 
21*.  36 
81*. 92 
7.19T 
25.57/T 

61.31 
21*. 68 
85.99 
7.6IT 
25.57/T 

38.51* 

5.71* 
U».26 
31.l*0cvt 

2.16/cvt 

1*9.50 
1*0.59 
90.09 
19.12cvt 
8.53/cvt 

51.29 
1*2.61* 

93.93 
20.1*0cvt 
8.53/cvt 

50.53 
1*1.1*2 
91.95 
19 . 61*cvt 
8.53/cvt 

123.11 
351.00 
1*71*.  11 
iSO.OOcrts. 
3.80crt. 

125.76 
371*.  1*0 
500.16 
192.00crtB. 
3.eo/crt. 

1*1-53 

7-C8 
1*8.61 
l*l*.80cvt 

2.09/cvt 

1*1*.  06 

7.1*0 
51.1*6 
1*8. 00c  vt 

2.09/cvt 

1*2.57 

7.08 
1*9.65 
i*l*.80cvt 

2.09/cvt 
93.63 
1*3.95 

1*1*. 03 

7.1*0 
51.43 
1*6. 00c  vt 

2.09/cvt 

126.23 
29.60 

155.83 

21.60T 
13.25/T 

126.74 
31.25 

157.99 
23.10T 
13.25/T 

Gross  receipts 
Net  returns 

183.85 
98.93 

191*.  59 
10S.60 

67.82 
23.51* 

163.09 
73.00 

171*.  01 

80.06 

167.53 
75.58 

681*. 00 
209.89 

729.60 
229.1*1* 

93.63 
1*5.02 

100.32 
1*8.66 

100.32 
1*8.89 

286.20 
130.37 

306.03 
146.09 

Net  returns 
above  vater  b/ 

117.06 

127.06 

29.01* 

78.68 

86.56 

81.72 

217.53 

238.27 

53.19 

58.17 

52.11 

58.13 

11*6.01 

163.95 

a/'  Irrigation  practices  include  three  levels  of  soil  moisture  depletion  (60,  80,  and  100^)  before  reirrigating. 
b/  Net  returns  with  the  cost  of  irrigation  veter  excluded. 
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FOREWORD 

We  conducted  this  report,  the  fourth  and  final  in  the  series  presenting 
the  results  of  an  investigation  of  on-farm  irrigation  for  cotton-general  crop 
farms,  under  two  California  Agricultural  Experiment  Station  Projects,  Numbers 
l6kl  and  H-1863.^    The  University  of  California  Water  Resources  Center  contrib- 
uted a  large  proportion  of  the  funds  for  the  latter  project,  which  also  is  the 
state  contributing  project  under  Western  Regional  Research  Project  W-70. 

Our  thanks  go  to  many  agencies  and  individuals  without  whose  most  gener- 
ous coopei-ation  neither  this  report  nor  others  in  the  series  would  have  been 
possible.    Among  these  we  cite,  particularly,  colleagues  in  the  University  of 
California,  Department  of  Irrigation:    R.  M.  Hagan,  Y.  Vaadia,  D.  W.  Henderson, 
L.  J.  Booher,  and  C.  E.  Houston  at  Davis,  and  John  Stockton  at  the  Shafter  Cot- 
ton Field  Station.    Others  providing  important  assistance  include  L.  H.  Richards 
of  the  U.S.  Salinity  Laboratory  at  Riverside,  and  farm  advisors  in  the  study- 
area  counties:    L.  K.  Stromberg,G.  V.  Ferry,  A.  G.  George,  0.  D.  McCutcheon, 
E.  A.  Libra,  and  C.  E.  Johnson. 

We  also  owe  appreciation  to  many  other  persons,  particularly  to  Messrs. 
R.  S.  Ayers,  W.  Balch,  D.  E.  Butler,  J.  S.  Goriinski,  E.  J.  Griffith,  H.  H. 
Holley,  G.  V.  Hufford,  J.  M.  Ingles,  F.  Munz,  B.  M.  Smith,  H.  M.  Stafford,  S.  T. 
Stairs,  L.  Stennett,  and  H.  D.  Wilson.    A  complete  list  of  all  those  individuals 
who  aided  or  counselled  us  would  extend  to  a  much  greater  length. 

Many  agencies  and  companies  contributed  importantly,  thus  Pacific  Gas  and 
Electric,  and  Southern  California  Edison,  the  major  power  companies  serving  the 
San  Joaquin  Valley,  authorized  us  to  use  well-test  data  previously  released  to 
the  U.S.  Geological  Survey.    The  latter  agency  aided  greatly  in  this  procedure 
by  making  available  photostatic  copies  of  office  records.    The  California  Re- 
gional Water  Pollution  Control  Board  made  well-driller  reports  available  to  us 
(data  for  individual  reports  are  not  identified  in  order  to  keep  both  of  these 
sets  of  information  confidential).    The  California  Department  of  Water  Resources 
also  assisted  importantly  in  these  studies  by  furnishing  maps,  reports,  and  other 
information,  as  did  the  U.S.  Bureau  of  Reclamation.    The  California  Irrigation 
Districts  Association,  many  individual  irrigation  districts,  and  various  manu- 
facturers and  distributors  of  irrigation  pumps  and  equipment  provided  much  vari- 
able assistance  in  the  form  of  factual  data  and  interpretation. 

1/    We  cite  other  publications  in  this  series  in  footnote  l/  on  page  1 . 
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SUMMARY 

The  investigations  reported  here  used  linear  programming  and  budget  analysis 
procedures  to  examine  how  variations  in  irrigation  water  quantities  available 
on  640-acre  farms,  and  in  the  variable  cost  components  of  this  water,  affect 
farm  resource  use  and  returns  in  four  subareas  of  the  cotton-growing  San  Joaquin 
Valley.    Four  640-acre  cotton-general  farm  models,  synthesized  to  typify  condi- 
tions in  Upper,  Eastside,  Westside,  and  Central  study  areas,  respectively,  are 
analyzed  in  detail.    This  640-acre  size  is  important  in  all  subareas  except  West- 
side  where  much  larger  farms  predominate.    All  economic  interpretations  relate 
to  a  predetermined  set  of  price  and  cost  conditions  calculated  and  estimated  from 
sample  data  and  official  sources  to  represent  the  study  period,  1956-196O.  Price- 
cost  relationships,  net  retums-over-variable  expenses,  "break-even"  prices, 
profits,  and  other  measures,  ail  relate,  therefore,  to  these  predetermined  prices 
and  costs.    We  claim  no  validity  for  our  findings  except  within  this  framework. 

Physical,  institutional,  and  economic  conditions  in  the  four  subareas  vary 
widely;  in^jortant  differences  exist  in  soils,  climatic  characteristics,  and 
water  availability  and/or  costs.    According  to  county  wide  cotton  yields,  Kisrn 
County  ranks  first,  followed  by  Fresno,  Tulare,  and  Madera  counties.  Water 
supplies  are  most  plentiful  in  ratio  to  irrigable  land  in  Central,  and  the  short- 
est in  Westside  (currently  almost  entirely  dependent  upon  ground  water  with  ex- 
treme pumping  lifts  that  tend  to  increase  each  year). 

We  evaluated  three  different  cropping  systems  for  Upper,  Eastside,  and 
V/estside,  but  only  one  for  Central.    System  A  includes  cantaloups  (potatoes  in 
Upper)  and  sugar  beets  as  specialty  crops,  plus  Blackeye  beans,  alfalfa  hay, 
and  grains;  System  B  excludes  cantaloups  (or  potatoes);  System  C,  found  in  all 
subareas,  excludes  both  cantaloups  (or  potatoes)  and  sugar  beets. 

Cotton  is  decidedly  the  most  profitable  crop  on  the  better  soils  in  all 
subareas.    With  few  exceptions,  this  is  true  for  each  of  three  soil- crop- irriga- 
tion practice  combinations  studied  for  the  various  alternative  crops  (wet,  me- 
dium, and  dry  irrigation  treatm.ents ) .    Actual  net  returns-over-variable  expenses 
(other  than  water  costs)  for  this  crop  vary  in  amoiint  from  $158  per  acre  in  Cen- 
tral to  $358  in  Upper  for  the  highest  return  soil-crop  irrigation  practice. 
Yield  differences  largely  explain  these  variations. 

Melons  (or  potatoes)  rank  next  to  cotton  in  net  returns  in  the  subareas 
where  gro-vm,  with  sugar  beets  (or  alfalfa  hay)  usually  following.    Blackeye  beans 
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is  the  next  most  profitable  crop  in  all  subareas  (outranking  sugar  beets  on 
Grade  II  soil  in  Westside)  and  the  grains  follow.    In  general,  the  grains  (bar- 
ley and/or  milo;  corn  is  important  only  in  Central)  leave  little  net  returns- 
above  -variable  expenses  to  apply  against  fixed  costs. 

Optimiim  linear  programming  solutions  provide  comparisons  among  the  various 
farming  systems  in  the  four  subareas  at  "break-even"  prices.    There  are  substan- 
tial differences  among  the  four  subareas  for  a  particular  cropping  system,  and 
among  the  systems  in  each  subarea: 

1.  For  System  C,  as  irrigation  water  prices  vary  from  zero  to  about  $32.00 
per  acre-foot,  break-even  prices  for  this  critical  input  are  $17.50 
for  the  ground-plus- surface  water  combination  in  Westside,  but  only 
$4.75  in  Central.    The  ground- water- only  unit  in  Westside  and  the  Upper 
model  agree  quite  closely  in  their  break-even  prices  --  $14.00  and 
^13.00,  respectively,  with  Eastside's  $10.00  per  acre-foot  figure  next 
(more  than  double  the  one  for  Central). 

2.  Cropping  System  A  shows  distinct  earning  advantages  in  the  three  sub- 
areas  where  this  combination  was  tested.    In  Upper  the  break-even  price 
is  $20.75  per  acre-foot  for  System  A,  or  $8.00  per  acre-foot  above  that 
for  System  C.    The  B  cropping  combination  shows  some  gains,  but  a 
smaller  earnings  advantage  over  System  C  than  A. 

3.  Total  amounts  of  water  associated  with  break-even  total  farm  net  re- 
tums-over-variable  expenses  also  vary  widely:    85O  to  875  acre-feet 
in  Upper  and  Westside  versus  1,950  acre-feet  in  Central.    These  com- 
parisons are  according  to  cropping  System  C.    The  break-even  qiiantities 
are  smaller  for  systems  including  high-value  specialty  crops:  76O 
acre-feet  in  Westside,  825  in  lft)per,  and  1,025  in  Eastside. 

4.  The  quantities  of  irrigation  water  at  which  operators  can  maximize  to- 
tal farm  net  returns -over- variable  expenses  under  conditions  of  this 
study  also  differ  markedly  among  subareas,  as  do  the  magnitudes  of  the 
net  returns.    Upper  shows  net  returns  of  about  $100,000  for  System  C 
at  4,463  acre-feet,  and  Central  about  $63,000  net  returns  at  3,500 
acre-feet  of  irrigation  water;  the  other  two  subareas  are  in  between 
the  two  extremes,  Westside  (ground-plus- surface  water  unit)  $90,000  at 
2,500  acre-feet,  and  Eastside  $84,000  at  2,760  acre-feet.    Fixed  costs 
have  not  been  deducted  in  arriving  at  these  total  farm  net  returns 
values. 

5.  In  each  subarea,  cotton  offers  the  highest  net  returns  for  irrigation 
water  for  initial  water  increments  up  to  the  maximvun  200-acre  allot- 
ment.   Under  the  driest  irrigation  treatment,  however,  other  crops  can 
increase  total  farm  net  returns.    Usmlly  Biackeye  beans,  followed  by 
alfalfa  hay,  are  the  next  two  crops  to  enter  the  cropping  plan.  A 
common  pattern  of  adjustments  commonly  leads  to  maximum  net  returns- 
over-  variable  expenses:  first,  introducing  Biackeye  beans  into  the  crop- 
ping system,  second,  bringing  lower  q\iality  land  into  production,  third 
shifting  from  the  drier  to  wetter  irrigation  practices,  and  fourth,  adding 
alfalfa  hay. 
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6.  Added  net  returns-over-variable  expenses  per  acre-foot  of  water  applied 
are  greatest  in  all  subareas  for  the  initial  water  increments  (used  to 
produce  cotton)  and  decline  sharply  with  later  quantities  added.  These 
values  per  acre-foot  for  the  initial  increments  are  as  follows:  Upper 
$101,  Westside  $90,  Eastside  $59,  and  Central  $43. 

7.  Adjustments  on  these  models  to  obtain  maximum  total  farm  net  returns- 
over-  variable  expenses  as  water  costs  rise,  are  similar  in  all  subareas: 
first,  reducing  alfalfa  acreage  and  increasing  Blackeye  beans,  second, 
shifting  to  drier  irrigation  treatments  for  alfalfa  and/or  cotton,  third, 
eliminating  alfalfa  and  leaving  some  (lower  grade)  land  idle,  fourth, 
growing  cotton,  with  or  without  some  Blackeye  beans,  and  leaving  all 
other  land  idle. 


8.  Estimated  total  farm  profit  for  Upper  {^2,8h0)  is  almost  double  that 
for  Central  ($33,1^)  with  values  for  the  other  two  subareas  between 
these  extremes.    Bates  earned  on  investments  are  9. 91  percent  for  Upper. 
8.69  percent  for  Central,  and  6.5O  for  Westside  (ground-water-only  unit). 
l«]anagement  income  (interest  at    6  percent  on  average  total  farm  invest- 
ments already  deducted)  varies  from  $24,780  for  I^per  to  $10,270  for 
Central.    These  latter  two  measures  depend  heavily  on  the  values  we 
assumed  for  land  which  are  only  estimates.    The  measures,  therefore, 

are  much  more  useful  for  suggesting  differences  among  subareas  than  to 
indicate  actual  earnings  levels.    Cotton  price  supports  and  acreage  li- 
mitations affect  incomes  importantly  in  each  subarea. 

9.  Cotton  would  be  more  profitable  than  other  available  alternatives  at 
lint  prices  of  20.0  cents  per  pound  in  all  subareas  except  Central, 
where  25. 1  cents  is  the  critical  price.    Without  allotments,  slight 
rises  in  prices  would  make  it  profitable  to  put  all  Grade  I  soil  into 
cotton.    Without  Gtovernment  price  supports  and  acreage  controls,  San 
Joaquin  Valley  farmers  would  profit  by  expanding  cotton  acreage  and 
production  sharply.    Central  would  be  at  a  disadvantage  as  compared 
with  the  other  subareas;  farmers  here  might  find  cotton  production  less 
advantageous  than  other  alternative  crops  at  lint  prices  high  enough 

to  encourage  heavy  expansion  in  the  other  three  subareas. 
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ECONOMICS  OF  ON- FARM  IRKEGATION  WATER  AVAILABILITY  AND  COST, 
AND  RELATED  FARM  ADJUSTMEIJTS 


k.    Intravailey  Variations  in  Relation  to  Resource  Use,  Earnings,  and 
Adjustments  in  the  San  Joaquin  Valley  Cotton  Area 

Trimble  R.  Hedges*  and  Charles  V.  I4Dore** 


SUBAREA  VARIATIONS  INFLUENCE  ON-FARM  IRRIGATION  PROBLEMS 


This  is  a  Comparative  Analysis  of  Farms  by  Geographic  Subareas 

I 

This  report  deals  with  organization,  adjustment,  and  earnings  problems 
arising  from  variations  in  irrigation  \ra.ter  availability  and  costs  on  San  Joaquin 
Valley  cotton-general  crop  farms.    It  differs  from  others  in  the  series  on  irri- 
gation economics  in  that  it  examines  variations  among  subareas  with  respect  to 
how  differences  in  vreiter  quantities  and  costs  affect  farm  performance.-* 


*    Professor  of  Agricultural  Economics  and  Agricultural  Economist  in  the 
Experiment  Station  and  on  the  Giannini  Foundation,  University  of  California, 
Davis. 

Agricultural  Economist,  Farm  Production  Economics  Division,  Economic 
Research  Service,  U.S.  Department  of  Agriculture,  and  Research  Associate  in  the 
Experiment  Station,  University  of  California,  Davis.  Dr.  Moore  took  leave  from 
his  U.S.  Department  of  Agriculture  position  on  1  July  I965  to  accept  a  two-year 
assignment  as  a  member  of  the  U.S.  Agency  for  International  Development  Mission 
to  India. 

1/    Other  Giannini  Foundation  Research  Reports  in  this  series  are  as  follows: 
Hedges,  Trimble  R. ,  and  Charles  V.  Moore,  Economics  of  On-Farm  Irri.g-jation  V/ater 
Availability  and  Cost  and  Related  Farm  Adjustments.    1.    Enterprise  Choices. 
Resource  Allocations,  and  Earnings  on  640-Acre  General  Crop  Farms  on  the  San 
Joaquin  Valley  Eastside.  California  Agricultural  Experiment  Station,  Giannini 
Foundation  Research  Report  No.  257,  1962;  Moore  and  Hedges,  Economics  of  On-Farm 
Irrigation  Water  Availability  and  Cost  and  Related  Farm  Adjustments.    2.  Farm 
Size  in  Relation  to  Resource  Use.  Earnin'-s.  and  Adjustments  on  the  San  Joaquin 
Valley  Eastside.  California  /agricultural  Eicperiment  Station,  Giannini  Foundation 
Research  Report  No.  263,  1962;  Moore  and  Hedges,  Economics  of  On-Farm  Irripiation 
Water  Availability  and  Cost  and  Related  Farm  Ad.iustments.     3.    Some  ARgregate 
Aspects  of  Farmer  Demand  for  Irrigation  Water  and  Production  Response  on  the  San 
Joaquin  Valley  Eastside,  California  Agricultural  Experiment  Station,  Giannini 
Foundation  Research  Report  No.  261,  I962;  Moore  and  Hedges,  Some  Characteristics 
of  Farm  Irrigation  Supplies  in  the  San  Joaquin  Valley.  California  Agricultural 
Experiment  Station,  Giannini  Foundation  Research  Report  No.  258,  1962. 


The  study  area  includes  the  entire  cotton-growing  portion  of  the  San  Joaquin 
Valley  from  Merced  County  south,  through  and  including  Kern,  whereas  the  earlier 
reports  dealt  only  vrith  the  San  Joaquin  Valley  Eastside  (see  Figure  l). 

The  over-all  objective  in  the  analyses  reported  here  is  to  identify  and 
measure  how  variations  among  four  defined  subareas  in  the  San  Joaquin  Valley 
cotton  area  affect  irrigation  economics  on  6i4-0-acre  farms.    Specifically,  these 
investigations  seek  to  identify  and  measure  differentials  among  subareas  in  the 
manner  and  degree  to  which  variations,  first,  in  water  costs  and,  second,  in 
water  quantities,  influence  water  use,  crop  choices  and  resource  allocations, 
farm  production,  gross  receipts,  and  earnings  for  cotton- general  crop  farms. 
Four  cotton-general  crop  farms,  synthesized  as  "typical"  of  the  study  subareas, 
are  used  in  comparative  analyses  directed  to  this  over-all  objective.    The  four 
subareas  and  counties  that  furnished  most  of  the  data  used  in  synthesizing  the 
respective  models,  are  as  follows:    Upper  San  Joaquin  Valley  (Kern  County),  San 
Joaquin  Valley  Eastside  (Tulare  County),  San  Joaquin  Valley  Westside  (western 
Fresno  County),  and  Central  San  Joaquin  Valley  (Jiadera  County). 

Certain  specific  subobjectives  underlie  the  over-all  objective  specified 
for  this  study.    Several,  primarily  of  procedural  nature,  are  quite  similar  to 
those  for  the  first  study  reported  in  this  series.^    These  subobjectives  con- 
cern themselves  primarily  with,  (a)  constructing  input-output  models  for  irri- 
gation water  use,  (b)  establishing  the  source  and  cost  characteristics  of  farm 
irrigation  water  supply,  (c)  synthesizing  farm  models  to  typify  modal  characteris- 
tics, (d)  constructing  complete  input-output  models  for  evaluating  farm  perfor- 
mance, (e)  identifying  economic  choice  criteria  for  managerial  decisions  directed 
to  maximizing  farm  profits,  (f )  applying  effective  measurement  techniques  and 
data  to  evaluate  how  varying  water  price  and  qimntity  conditions  affect  farm 
performance,  and,  (g)  exploring  the  opportunities  for  adjusting  farm  organiza- 
tional and  operational  characteristics  in  response  to  varying  water  price  and 
supply  conditions.    Four  interrelated  procedures  are  particularly  important  in 
these  investigations: 


1/  Hedges  and  Moore,  Economics  of  On- Farm  ....  1.  Enterprise  Choices. 
Resource  .  .  .  ,  pp.  6-7. 
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FIGURE  1 


Subareas  in  the  San  Joaquin  Valley  Cotton  Areas  and 
Modal  Pump  Lifcs  by  Specified  Class  Intervals 


Pumping  Lifts  Represent  One  Characteristic  in  Which  Cotton  Subareas  Differ; 
They  Tend  to  Increase  From  North  to  South  and  East  to  West 


1.  Identifying  the  variations  among  subareas  in  quantity  and  quality  of 
agricultural  resources  available,  and  in  governing  economic  and  insti- 
tutional conditions  and  forces; 

2.  Assuring  that  the  synthesized  cotton-geneiul  crop  farms  used  as  models 
to  typify  the  respective  subareas  actually  do  reflect  the  important 
variations  among  them; 

3.  Measuring  differential  impacts  of  variations  among  subareas  in  how  water 
cost  and  quantity  conditions  affect  water  use,  crop  choice  and  resource 
allocations,  and  farm  earnings  performance;  and, 

k.    Determining  differences  among  the  four  subareas  in  possible  adjustments 
appropriate  to  changes  in  water  cost  or  quantity. 


Linear  Programming  and  Budgeting  are  the  Principal 
Analytical  Techniques 

We  use  linear  programming^  in  this  study  to  calculate  optimum  cropping 
plans  for  a  vdde  variety  of  possible  water  cost  and  quantity  conditions.  These 
latter  provide  normative  solutions  (i.e.,  what  farmers  should  do),  rather  than 
positive  solutions  (what  farmers  actually  are  doing)  under  a  specified  (single) 
set  of  product  sale  prices  and  input  prices  and  costs.    Further,  they  assume 
that  operators  have  complete  knowledge  of  all  relevant  prices  and  costs  prior 
to  the  planting  season.    Our  analysis,  therefore,  does  not  take  into  accoiint 
possible  actions  operators  may  take  as  adjustments  to  uncertainties  in  prices, 
■v/eather,  and/or  other  critical  phenomena.    We  emphasize  the  importance  of  the 
above  reference  to  "a  specified  single  set  of  product  sales  prices  and  input 
prices  and  costs."    We  claim  no  relevance  for  our  findings  beyond  these  speci- 
fied price  conditions.    Later  references  to  "break-even  points,"  "net  returns- 
over-  variable  expenses,"  "profits,"  and  other  key  terms  and  measures  of  relation- 
ships appearing  in  the  analyses  reported  here  are  applicable  only  within  this 
same  set  of  conditions.    The  reader  should  keep  these  limitations  in  mind,  and 
interpret  our  results  accordingly. 

The  basic  over-all  procedure  used  in  this  report  is  to  calculate  optimum 
cropping  plans  for  a  farm  model,  as  changes  occur  in  one  variable  at  a  time. 


1/    Various  writers  have  presented  thorough  treatments  of  linear  programming 
methodology.    See,  for  example,  Heady,  Earl  0.,  and  Wilfred  Candler,  Linear  Pro- 
gramming Methods.  Ames:    Iowa  State  University  Press,  1958;  Garvin,  V/alter  W. , 
Introduction  to  Linear  Programming.  McGraw-Hill  Book  Company,  New  York,  196O. 
See  also  other  reports  in  this  series  dealing  with  economics  of  on-farm  irriga- 
tion, particularly  Hedges  and  Moore,  Economics  of  On-Farm  ....  1.  Enter- 
prise Choices.  Resource  .  .  .  ,  pp.  3T"^1' 


First,  we  obtain  solutions  with  the  price  (variable  cost)  of  irrigation  vater 
changing  from  zero,  progressively,  to  $32  per  acre-foot.    For  this  analysis  all 
other  prices,  costs,  and  resource  supplies  remain  constant  at  predetermined 
levels. 

Second,  we  vary  the  anniml  quantities  of  water  available  continuously  from 
zero  to  predetermined  maximum  levels,  all  costs  and  prices  (including  water)  re- 
maining constant. 

In  the  third  analysis,  we  explore  the  impact  of  various  cotton  lint  prices 
on  farm  income  and,  in  turn,  farmer's  ability  to  pay  for  irrigation  water.  As 
during  the  two  previous  analyses,  all  other  prices  and  resource  supplies  except 
cotton  acreage  allotments  remain  constant  at  predetermined  levels. 

An  earlier  report  in  this  series  outlines  in  detail  and  discusses  at  some 
length  the  major  components  of  this  over-all  procedureT^    Thus  we  do  not  repeat 
this  presentation  here.    Some  amplification  and  explanation,  as  necessary  re- 
garding certain  methodological  and  procedural    matters, does  appear  in  subsequent 
analysis  and  discussion. 

Linear  Programming:  Considers  T\ro  Kinds  of  Constraints  and 
Various  Income  Activities  in  This  Study 

Soil  quantities  by  quality  grades  and  irrigation  water  quantities  represent 
the  principal  physical  resource  constraints  in  this  study. 

Cotton  acreage  allotments,  sugar  beet  proportionate  shares,  the  necessity 
to  obtain  contracts  for  such  specialty  crops  as  cantaloups,  and  other  considera- 
tions, also  operate  to  limit  farm  operators'  freedom  in  choosing  crops  and/or 
allocating  land  to  individual  crops,  once  chosen.    Our  analyses  recognize  these 
restrictions  and  include  them  as  constraints.    This  is  true  whether  they  reflect 
formal  regulations  by  established  institutions    (such  as  U.S.  Department  of 
Agriculture  cotton  acreage  allotments),  or  less  official  restrictions    (such  as 
the  maximum  acreage  for  which  a  melon  shipper  is  willing  to  contract  with  a 
grower,  due  to  price  uncertainty  or  other  forces).    In  siammary,  then, the  con- 
straints in  the  linear  programming  analyses  were  as  follows: 

Resource  Constraints. — 

1.    Acres  of  irrigable  land  in  each  soil  grade  (see  Figure  2  ) 


l/  Hedges  and  Itoore,  Economics  of  On-Farm  .  .  .  .  1.  Enterprise  Choices, 
Resource    .  «  .  ,  pp.  25-36. 
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FIGURE-2 

IRRIGABLE  FARM  LAND  BY  SOIL  GRADES-,  640-ACRE  FARM  MODELS  IN 
FOUR  SAN  JOAQUIN  VALLEY  SUBAREAS. 


n   FOSTER  L. 

SOIL  GRADES  (STORIE  INDEX) 


2.    Irrigation  water  quantities  available  for  the  season  as  a  whole  and  for 
each  irrigation  period,  l/ 

Economic  and  Institutional  Constraints,-- 

1.  Federal  acreage  allotments  limit  cotton  acres  to  not  more  than  33  per- 
cent of  irrigable  land,  according  to  conditions  in  this  study; 

2.  Proportionate  shares  for  sugar  beets  represent  a  maximum  of  12  percent 
of  irrigable  land; 

3.  Necessity  for  marketing  contracts  limits  cantaloup  acres  to  15  percent 
of  irrigable  land;  and 

k.  Farmers  voluntarily  limit  potato  acres  to  not  more  than  20  percent  and 
Blackeye  bean  acres  to  not  more  than  26  percent  of  irrigable  land,  due 
to  market  and  price  uncertainty. 

The  first  two  of  the  latter  constraints  reflect  specific  Government  programs  with 
definite  regulations  in  effect  during  the  study  period;  the  latter  two  are  pro- 
cedxiral  assumptions. 

Income-Producing  Activities . —The  list  of  alternative  crops  and  the  restric- 
tions (constraints)  affecting  farmer  decisions  in  planning  cropping  programs 
with  these  crops  in  each  subarea  establish  the  framework  for  linear  programming 
analysis.    Combinations  of  crops,  soils,  and  specified  irrigation  treatments 
become  income-producing  activities.    The  restrictions    govern  the  choices  of 
these  activities  in  seeking  optiraxim  solutions  for  maximizing  total  farm  net 
returns-over-variable  expenses,  as  the  critical  independent  variable  (water  price, 
water  quantities  available,  or  cotton  lint  prices)  assumes  different  values 
within  a  predetermined  range. 

Preliminary  screening  indicated  that  11  crops  or  crop  combinations  were 
sufficiently  iiaportant  in  one  or  more  subareas  to  include  in  the  analyses.  As 
indicated  in  the  following  summary,  however,  not  all  were  in5)ortant  in  each 
subarea : 

Upper,         cotton,  potatoes,  alfalfa  hay,  beans,  grain  sorghum,  barley-sorghum, 
and  barley,  total  11; 

Eastside,    cotton,  cantaloups,  alfalfa  hay,  beans,  grain  sorghum,  field  corn, 
barley-sorghum,  barley,  and  sugar  beets,  total  9; 


l/  Water  quantities  available  for  the  farm  model  representing  the  Central 
San  Joaquin  Valley  were  sufficiently  large  that  the  analysis  for  this  subarea 
does  not  include  irrigation  water  constraints. 
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Westside,    cotton,  cantaloups,  alfalfa  hay,  alfalfa  seed,  beans,  grain  sorghum, 
barley- sorghum,  barley,  and  sugar  beets,  total  9;  and 

Central,      cotton,  alfalfa  hay,  beans,  grain  sorghum,  barley- sorghum,  and  bar- 
ley, total  6. 

The  total  number  of  income-producing  activities  in  each  subarea  greatly  exceeds 
the  number  of  crops  or  double-crop  combinations  studied.    Thus  totals  of  these 
activities  by  subareas  were  as  follows:  Upper  31,  Eastslde  and  Westside  37 
each,  and  Central  22.    This  overrun    of  income  activities  as  compared  with  crops 
was  due  to  the  fact  that  each  alternative  crop  enterprise  may  generate  two  or 
more  income  activities,  in  combinations  with  different  soil  and  irrigation  treat- 
ments.   We  considered  four  possible  irrigation  treatments  and  two  soils  in  each 
of  three  subareas  (Upper,  Eastslde,  and  Westside)  and  three  each  for  treatments 
and  soils  in  Central. 

Specialty  crops  such  as  cantaloups  and  sugar  beets  vary  among  subareas  in 
their  relative  importance.    Such  variations  are  evident  in  terms  of  total  acres 
grown,  number  of  farmers  growing  these  crops  regularly,  and  the  percentages  that 
farmers  growing  these  crops  represent  of  all  cotton-general  crop  farms  in  the 
subarea.    One  or  the  other  of  the  two  specialty  crops  included  in  this  analysis 
(cantaloups  and  potatoes)  is  relatively  more  important  in  L^per  and  Westside 
than  in  either  of  the  other  two  subareas.    Even  in  l^per  and  Westside,  however, 
a  relatively  small  percentage  of  all  farmers  grow  such  crops  —  these  and  other 
specialty  crops,  therefore,  represent  an  alternative  farming  system  available 
to  the  few  growers  favorably  situated  to  produce  them,  rather  than  an  alterna- 
tive generally  available  to  all  farmers.    Somewhat  similar  statements  apply  to 
sugar  beets  and  to  Blackeye  beans  in  the  subareas  where  these  crops  represent 
alternative  crops.    As  a  result  of  these  variations,  applying  in  one  form  or 
another  to  ail  four  subareas,  this  analysis  considers  three  alternative  cropping 
systems.    These  are  identified  as  follows: 

1.  System  A.    Includes  all  alternative  crops  for  each  subarea; 

2.  System  B.    Excludes  potatoes  in  Upper    and  cantaloups  in  the  remain- 

ing subareas;  and, 
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3.    System  C.    Excludes  potatoes  and  sugar  laeets  in  Upper  and  cantaloups 
and  sugar  beets  in  the  remaining  subareas.  1/ 

The  group  of  alternative  crops  available  to  farmers  in  Central  for  planning 
their  cropping  programs  does  not  include  either  cantaloups  or  sugar  beets;  System 
C  (excluding  cantaloups  and  sugar  beets)  is  the  only  one  analyzed  for  this  sub- 
area.    As  a  result,  all  comparisons  among  the  four  subareas  studied,  necessarily, 
must  be  according  to  cropping  System  C.    Within  all  subareas,  except  Central, 
it  vas  possible  to  compare  the  performance  of  all  three  groups  of  alternative 
crops  (Systems  A,  B,  and  C).  | 


1/    Major  terms  relating  to  farm  models  appearing  in  this  report,  and  their 
definitions,  are  as  follows: 

Cropping:  System  -  detailed  cropping  organization  for  a  Farm  Model. 

Fana  Model  -  synthesized  Farming  System,  based  on  modal  farm  characteristic 

data  for  a  particular  geographic  subarea.  _ 
Farming  System  -  detailed  organization,  methods  of  operation,  and  practices  used 

on  a  Farm  Model. 

Subarea  -  a  segment  of  a  major  geographic  area,  such  as  the  San  Joaquin  Valley, 

selected  for  study.  ^  •  4-x,- 
Irrigation  Practice  -  technique  or  method  used  in  irrigation,  identified  in  this 
 "^study  by  the  depletion  level  for  available  soil  moisture  prior  to  irrigation. 

Variable  Expenses  (Costs)  -  sura  of  annual  cash  operating  expenses,  plus  unpaid 

 family  (operator ' s )  labor  (see  Appendix  Table  A-5).    This  item  may  appear 

as  Variable  Expenses (Costs )  per  Acre  for  a  single  crop,  or  as  Farm  Variable 
Expenses  (Costs)  representing  the  total  for  an  entire  farm. 
Fixed  Costs  -  sum  of  annual  cash  and  noncash  costs  for  using  capital  items  and 
for  general  costs  not  readily  allocated  to  specific  enterprises  (see 
Appendix  Table  A-l). 
Gross  Receipts  -  sum  of  annual  receipts  from  sales  of  farm  crops. 
Wet  Returns-07er- Variable  Expenses  (Costs)  -  Gross  Receipts  minus  Variable 

 Expenses  ( Costs)  (see  Appendix  Table  ^^-5).    This  item  may  appear  as  Net 

Retums-Over-Variable  Expenses  (Costs)  for  a  single  crop  acre,  or  as 
Farm  Net  Returns -Over- Variable  Expenses  (Costs)  representing  the  total 

for  an  entire  farm.  ^  , 
Net  Farm  Income  -  net  cash  income  plus  (or  minus)  inventory  changes  on  noncapital 
 items  and  minus  noncash  fixed  costs  (not  including  interest  on  investment;. 

Any  unpaid  labor  contributed  by  the  farm  operator  is  not  included  m  the 

farm  expenses.  .  a  ^  ^.p 

Profit  (Capital  and  Management  Income)  -  Net  Farm  Income  minus  the  value  of 

any  unpaid  labor  (including  operator's), 
tfenagement  Income  -  Profit  less  6  percent  on  the  total  farm  capital.    The  _ 
  residual  (and  iF^STbe  negative)  is  payment  for  the  operator's  managerial 

ability  and  services. 
Rate  Earned  -  Profit  (Capital  and  Ifanagement  Income)  expressed  as  a  percentage 

of  the  farm  capital. 
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FOUR  640-ACRE  COITON-GEI^ERAL  CROP  FARMS  SERVE  AS  MODELS  FOR  THIS  STUDY 

Farm  Models  Reflect  Original  and  Secondary  Ikta  for  Four  Subareas 

The  kinds  of  information  and  the  sources  providing  it,  the  procedures  used 

to  determine  the  characteristics  for  farm  models,  and  the  reasons  for  choosing 

these  particular  procedures  appear,  together  with  a  full  discussion,  in  an  earlier 

1/  ' 
report.       We,  therefore,  do  not  repeat  this  standard  information  in  detail  here; 

we  say,  instead,  tliat  the  640-acre  farm  model  for  each  subarea  is  a  synthesized 
operating  unit  intended  to  typify  modal  organizational  and  operational  characteris- 
tics for  a  predominantly  important  group  of  farms  in  that  subarea,  considering 
soils  and  other  natural  resources,  total  acreages  involved,  and  numbers  of  farms 
of  all  sizes  in  such  groups.    Thus  the  synthesized  models  do  not  appear  here  as 
representative  or  "typical"  of  all  farms  in  their  respective  subareas  (counties); 
each  does  reflect  an  important  group  under  common  physical,  economic,  and  insti- 
tutional conditions.    Tne  data  used  in  synthesizing  these  models  typify  the  con- 
ditions in  the  several  study  areas  during  the  study  period,  and  were  obtained 
through  interviews  and  from  secondary  (published)  sources.    Inasmuch  as  we  used 
modes,  rather  than  means,  as  measures  of  central  tendency  in  summarizing  these 
data,  we  believe  that  the  models  do  reflect  accurately  the  predominant  characteris- 
tics and  prevailing  conditions  for  the  farm  population  groups  studied.^ 

The  study  period,  as  for  other  reports  in  this  series,  covers  the  years 
1956-1960.    Price  and  cost  conditions  generally  reflect  this  period,  though 
analytical  procedures  used  permitted  us  to  examine  what  the  results  would  be  if 
one  particular  price,  e.g.,  water  variable  costs,  varies  leaving  other  prices 
and  cost  items  within  this  framework  unchanged. 

Three  models  employed  in  this  analysis,  those  for  Upper,  Eastside,  and  Cen- 
tral, are  synthesized  to  reflect  directly  the  study  period  conditions  in  their 
respective  subareas,  as  indicated  in  the  previous  paragraph.    This  is  distinctly 
not  true,  however,  for  the  Westside.    Our  model  identified  as  Westside,  ground- 
plus-  surface  water,  reflects  soils  and  climatic  characteristics  as  they  exist 
in  the  subarea,  but  includes  substantial  quantities  of  surface  water  at  prices 
estimated  to  be  consistent  with  those  anticipated  under  the  joint  California- 
United  States  San  Luis  irrigation  project.    We  also  include  a  comparison  model 

1/    Hedges  and  Moore,  Economics  of  On-Farm  ....    1.    Enterprise  Choices. 
Resource  .   .   .  . 

17    See  Appendix  Table  A- 5  for  product  sales  prices  and  yields. 
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in  the  Westside  to  reflect  the  conditions  that  would  prevail  on  a  Westside  640- 
acre  farm,  if  such  units  existed;  this  is  the  Westside,  ground-vater-only, 
model . 

Adequate  data  for  inputs,  crop  yields,  and  prices  or  cost  rates  for  the 
various  items  involved  were  available  for  Westside.    Data  for  the  other  tnree 
subareas  aided  in  rounding  out  farm  machinery  and  equipment  complements  and 
other  organizational  characteristics  for  these  models.    Inevitably,  the  640- 
acre  units  for  Westside  represent  a  much  more  artificial  —  and  less  currently 
realistic  --  model  than  those  for  the  other  three  subareas.    This  variation  is 
unavoidable  under  existing  and  anticipated  circumstances.    A  major  change  in 
availability  of  the  water  resource  (and  in  the  terms  under  which  farmers  may 
obtain  it)  is  expected  to  stimulate  drastic  shifts  in  farm  size,  land-use  pat- 
terns, farm  organizational  characteristics,  production  patterns,  and,  perhaps, 
ownership  on  the  Westside. 

Synthesized  Resources  for  the  Farm  Models  Vary  among  Subareas 

Soils  Reflect  Conditions  for  a  Sizable  Portion  of  Each  Study  Area.— Among 
the  four  models,  the  one  for  Upper  with  its  entire  602  acres  of  tillable  land 
classed  in  two  different  phases  of  Grade  I  soil  ^Ifesperia  series),  according  to 
the  Storie  Index,  has  the  most  productive  land.^    Westside  ranks  next  with  75 
percent  Grade  I  and  25  percent  Grade  II;  the  Eastside  model  ranks  slightly  lower 
with  TO  percent  Grade  I  and  30  percent  Grade  II;  the  Central  farm  has  50  percent 
Grade  I,  with  the  remainder  divided  about  two-thirds  Grade  II  and  one-third 
Grade  III  (see  Figure  2).    The  details  for  soil  resource  distribution  according 
to  farm  models  in  the  four  subareas  appear  in  the  following  text  table  (based 
upon  official  soil  survey  reports).    All  models  show  the  same  proportion  of  to- 
tal land  cultivation,  each  including  38  acres  in  roads,  ditches,  and  other  non- 
tillable  uses. 


1/  Storie,  R.  E.,  Index  for  Rating  the  Agricultural  Value  of  Soils.  Califor- 
nia Agricultural  Experiment  Station,  Bal.  55o,  1933 • [ 
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Unit 

Soils  by  Grade  in 

a/ 

Four  Models-' 

I 

\Jpver       1  Eastside 

1  Westside 

i  Central 

Arable  (irrigable) 

acres 

Grade  I 

361 

k2l 

301 

-b/ 

Grade  II 

181 

151 

211 

Grade  III 

90 

Other 

Js 

38 

TOTAL 

640 

640 

640 

640 

a/    According  to  the  Storie  Index. 

b/  Upper  included  Grade  I  soils  in  each  of  two  distinct  series. 
Source:    Soil  Survey  reports  (see  Table  3  ,  page  22). 


Each  of  these  soil  resource  patterns  fairly  well  represents  the  dominant 
agricultural  production  area  for  the  county  studied  in  that  particular  subarea; 
therefore,  it  cannot  represent  all  farms  in  that  coimty.      Thus  the  analytical 
model  for  the  Upper  San  Joaquin  Valley,  with  100  percent  of  its  soil  classed 
Gi^de  I,  definitely  does  not  typify  all  cotton-general  crop  farms  in  Msrn  County. 
Rather,  it  applies  to  the  highly  productive  area  in  the  McFarland-Wasco-Shafter 
locality  where  land  in  farms  quite  commonly  is  of  this  quality.    The  Eastside 
model  agrees  quite  closely  in  soil  resources  with  the  cotton  farms  in  the  western 
portion  of  Tulare  Coimty.    This  model  also  may  reflect  more  accurately  than  the 
Upper  model  the  soil  resources  available  to  farm  operators  in  cotton-general 
crop  farming  localities  for  Kern  Coimty,  other  than  the  McFarland-Shafter-Wasco 
locality. 

Again,  the  soils  listed  for  the  Westside  model  reflect  the  resources  typical 
of  the  major  belt  of  Panoche  series  soils  in  the  central  and  western  portions 
of  the  subarea.    These  soils  are  more  productive  than  the  heavier  ones  lying  to 
the  east  of  them.    Soil  resources  for  the  Central  model  are  reasonably  typical 
of  those  in  the  cotton-general  crop  farming  area,  where  most  farms  include  soils 
of  several  grades.    These  resources  are  superior  to  the  soils  in  other  portions 
of  ^Sadera  and  Merced  counties  where  Grade  III  and  lower  soils  prevail,  and  the 
land  is  suitable  primarily  for  winter  grains  and  pastures. 

Considering  all  four  analytical  models,  these  synthesized  farms  fairly  well 
typify  the  wide  range  of  variations  in  soil  resources  within  the  San  Joaquin 
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Valley  cotton-producing  area.    The  model  for  Central,  including  three  soil  grades 
and  with  only  half  of  the  land  classed  Grade  I,  is  markedly  similar  in  soils  to 
many  farms  in  other  subareas  whose  proportion  of  Grade  I  land  falls  short  of 
that  for  the  other  three  models.  I 

Water  Costs  and  Quantities  Available  Vary  among  the  Four  Models.— The  to- 
tal water  available  for  each  of  the  four  synthesized  farm  units  includes  both 
underground  and  surface  sources,  with  the  latter  representing  the  largest  (60 
percent)  proportion  of  the  total  in  Westside  (see  Figure  3).    This  subarea  also 
has  the  most  limited  supply  (about  2,750  acre-feet)  while  Upper,  with  nearly 
5,400  acre-feet,  has  the  most  ample  quantities  available.    Details  on  annual 
quantities,  and  the  relative  proportions  that  ground  and  surface  water  repre- 
sent in  these  totals,  appear  in  the  following  text  table.    Seasonal  fluctua- 
tions in  quantities  are  least  important  in  Central  with  the  other  three  subareas 
ranking  as  follows:    Upper,  Eastside,  and  Westside  (see  Figure  3).    Again,  with 
water  quantities,  as  with  soils,  the  amounts  specified  for  the  subarea  models 
do  not  represent  all  farms  in  the  respective  counties,  although  they  are  typical 
of  a  large  group  of  farms. 


Acre-Feet 

of  Water  Available  per  Farm  Model 

Unit 

Upper 

Eastside 

Westside 

Central 

Gro\ind^ 
Surface 

4,625.0 
806.0 

4,586.0 
348.0 

1,161.0 
1.593.0 

4,481.0 
664.0 

TOTAL 

5,431.0 

4,934.0 

2,753.0 

5,145.0 

Ac re -feet  per  acre 

9.0 

8.0 

4.5 

8.5 

a/    Assumes  pumps  operate  24  hours  per  day,  365  days  per  year. 
Source:    Survey  data. 

Typical  variable  expenses  per  acre-foot,  regardless  of  the  source,  also  differ 
widely  among  the  four  subareas.    The  highest  is  Westside  at  $9  per  acre-foot. 


1/    A  simple  procedure  will  determine  fixed  and  total  costs  for  irrigation 
water  at  the  pump  head  or  farm  gate,  using  appropriate  estimates  for  irrigation 
water  variable  expenses.    Annioal  fixed  or  overhead  costs  for  pumping  irrigation 
water  under  conditions  of  this  study  on  the  640-acre  general  crop  farms  total 
$13,797  (these  costs  do  not  include  allowances  for  farm  distribution  systems). 
The  rate  per  acre-foot  will  vary  inversely,  according  to  the  quantities  pumped; 
at  3,000  acre-feet,  the  fixed  cost  per  acre-foot  is  $4.60j  at  2,500,  this  cost 
increases  to  $5-52;  at  2,000  acre-feet,  it  reaches  $6.90  per  acre-foot  and  at 
1,500,  $9.20  per  acre-foot.      (Continued  on  page  15.) 
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FIGURE  3 

IRRIGATION  WATER  SUPPLY  FOR  FARM  MODELS;  FOUR  SUBAREAS 
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As  the  other  extreme.  Central,  with  $1.75  per  acre-foot,  has  the  lowest  water 
variable  cost;  Eastside  ($3.00)  and  Upper  ($4.50),  between  the  two  extremes,  are 
closer  to  the  cost  for  Central  than  for  Upper. 

Real  Estate  Improvements  Reflect  Conditions  in  the  Subarea.  --All  tillable 
land  has  been  leveled  for  irrigation,  and  farm  structures  are  identical  for  each 
of  the  models  (see  Table  l).    Irrigation  facilities,  however,  vary  among  the 
subarea  models.    They  are  most  closely  similar  in  physical  characteristics  and 
dollar  values  for  Upper  and  Eastside  with  the  latter  having  slightly  more  feet 
of  underground  concrete  pipeline.    Westside  has  only  one  well  and  puii?)ing  plant 
as  compared  with  five  in  Upper  and  Eastside  and  seven  for  Central  (see  Table  l). 
The  model  for  Central  shows  more  wells  and  pun?>ing  plants  (?)  but  fewer  feet  of 
concrete  pipeline  than  any  of  the  other  models.    Average  dollar  investments  for 
irrigation  facilities  vary  from  $28,000  for  Central  to  $60,000  for  Upper  and 
Eastside.  I 

Power  and  Transport  Inventories  are  Identical  for  all  Four  Models.  —Each 
farm  unit  analyzed  in  this  study  is  equipped  with  the  same  complement  of  equip- 
ment for  field  power  and  transportation.    This  inclvides  one  track-layer  and  five 
wheel  tractors,  one  ton-and-a-half  truck,  three  pickup  trucks,  and  eight  trailers 
(see  Table  l). 

Field  tfachinery  Lines  are  Similar  in  all  Subareas.  — The  analytical  model 
for  Central,  with  a  relatively  heavy  investment  in  haying  equipment,  and  the  one 
for  Upper,  with  a  slightly  greater  row  crop  equipment  investment,  represent  the 
only  variations  from  a  standard  pattern  of  field  machinery  inventory  and  invest- 
ments among  the  four  subareas  (see  Table  l). 

Farm  ttodels  Use  Both  Itegular  and  Seasonal  Labor.  --That  portion  of  the 
operator's  time  not  devoted  to  management  supervision,  plus  three  full-time 
hourly-wage  employees  (whose  perquisites  include  free  housing  and  utility  ser- 
vices), and  part-time,  hourly-wage  workers  and  seasonally-contracted  hand  la- 
bor as  required,  constitute  the  farm  labor  force  for  each  analytical  model. 
Tasks  such  as  cotton  chopping,  sugar  beet  hoeing  or  thinning,  and  potato  or 


^/(Continued  from  page  13-  )  Total  water  cost  per  acre-foot  equals  these  fixed 
costs,  plus  outlays  for  irrigation  water  variable  expenses.    Thus,  at  $3-00  per 
acre-foot  for  this  latter  item,  total  costs  under  the  above  range  of  fixed  costs 
will  vary  from  $T.60  to  $12.20  per  acre-foot.    Similar  estimates  can  be  prepared 
for  alternative  quantities  of  water  and  for  other  levels  of  irrigation  water 
variable  expenses. 
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TABLE  1 


Farm  Real  Estate  and  Operating  Equipment  Inventories  and  Investments; 
bitO-Acre  Farm  Model  in  Four  Subareas 


Upper 

Eastside 

Westcide 

Central 

Item 

Unit 

^uantit.\ 

Cost 

yiverane 
value 

oiuantity 

Cost 

Average 
value 

Quantity 

Cost 

Average 
value 

Quantity 

Cost 

Average 
value 

1 

2 

3 

5 

6 

7 

8 

5 

10 

11 

12 

1-3 

do  L  Lars 

irs 

dol  1  ars 

dnl  1 

land 

Raw  land 

acre 

640 

14-48,000 

443,000 

640 

320,000 

320,000 

640 

409,600 

409,600 

640 

224,000 

224,000 

Leveling 

acre 

6i*0 

6h . 000 

64 . 000 

640 

64,000 

64.000 

640 

64.000 

64.000 

640 

64.000 

64.000 

TOTAL 

61*0 

512,000 

512,000 

640 

384,000 

384,000 

640 

473,600 

473,600 

640 

288,000 

288,000 

Improvements 

8 

30,520 

15,259 

8 

^0  S?0 

8 

30,520 

15,260 

8 

15  260 

Irrigation 

Pumps 

no. 

5 

23,81*5 

13,187 

5 

23,845 

13,187 

1 

17,700 

9,640 

7 

18,060 

9,849 

Wells 

no. 

5 

1*8,830 

24,415 

5 

kQ/630 

24,415 

1 

14,000 

7,000 

7 

14,000 

7,000 

Pipeline 

ft. 

lU, 560 ' 

15,141 

7,570 

L7,l60' 

18,599 

9,299 

17, 160 ' 

18,609 

9,299 

13,730' 

14,880 

7,440 

Other 

889 

29.081 

Ij.l^O 

880 

26  l8i 

1  ^  Ji'an 
Ij.^jU 

881 

11.104 

5.622 

703 

7.853 

3.928 

TOTAL 

116,897 

60,302 

61,413 

31,562 

ALL  REAL  ESTATE 

659,417 

50  f , 5oi 

531,975 

459,590 

565,533 

31*1,313 

299,477 

Power  and  transportation 

Tractors  (TL) 

no. 

1 

17,160 

9,781 

1 

17,160 

9,781 

1 

17,160 

9,781 

1 

17,160 

9,781 

Ti-actors  (w) 

no. 

5 

15,910 

8,909 

5 

15,910 

8,909 

5 

15,910 

8,909 

5 

15,910 

8,909 

Trucks 

no. 

1 

2,081 

1 

3,785 

2,081 

1 

J,  fop 

1 

3,785 

2,081 

Pickups 

no. 

3 

7,170 

4,660 

3 

7,170 

4,660 

3 

7,170 

4,660 

3 

7,170 

4,660 

Trailers 

no . 

8 

4,600 

2,250 

8 

4,600 

2,300 

8 

4,600 

2,300 

8 

4,600 

2,300 

TOTAL 

18 

48,625 

27,681 

18 

48,625 

27,731 

18 

48,625 

27,731 

18 

48,625 

27,731 

Machinery 

Seedbed 

11 

11,600 

5,799 

10 

11,250 

5,624 

10 

11,250 

5,624 

10 

11,250 

5,624 

Row  crop 

6 

4,275 

2,138 

5 

3,650 

1,826 

5 

3,650 

1,826 

5 

3,650 

1,826 

Cotton  harv. 

no. 

1 

19,000 

10,045 

1 

19,000 

10,045 

1 

19,000 

10,045 

1 

19,000 

10,045 

Hay 

3 

1,31*0 

669 

3 

1,31*0 

669 

3 

1,31*0 

669 

4 

7,31*0 

3,969 

Grain 

1  . 

800 

400 

1 

800 

400 

1 

800 

400 

1 

800 

400 

TOTAL 

22 

37,015 

19,051 

20 

36,040 

18,564 

20 

36,040 

18, 564 

21 

42,040 

21,864 

ALL  CHATTELS 

85,640 

46,732 

84,665 

46,295 

84,665 

46,295 

90,665 

1*9,595 

GRAUD  TOTALS 

745,057 

634,293 

616,640 

505,885 

650,198 

566,717 

463,978 

381,072 

Source:    Calculated  by  authors  from  orif^inai  interview  data. 


cantaloup  harvesting,  as  well  as  various  nonmechanized  production  tasks,  require 
hand  labor;  operators  contract  this  seasonally.    Part-time  employees  serve  to 
supplement  the  work  of  the  regular  year  around  employees  during  seasonal  work 
peaks,  such  as  the  early  summer, when  irrigation  and  cultural  requirements  are 
highest  for  the  row  crops. 

Capital  Investments  and  Annual  Fixed  Costs  Vary  Widely. —Total  average 
capital  invested  in  farm  real  estate  and  chattels  for  the  four  models  in  this 
study  ranged  from  ahout  $381,000  in  Central  to  ^3k,000  in  the  Upper  San  Joaquin 
Valley  subareas  (see  a?able  l).    Analytical  models  for  Eastside  and  Westside  have 
total  investments  of  over  one-half  million  dollars.    These  relatively  high  av- 
erage investments  involve  the  usual  problems  of  uncertainty,  risk,  and  the  man- 
agerial responsibility  to  obtain  returns  at  least  as  high  from  agriculture  as 
can  be  had  from  alternative  uses  for  the  money.    Initial  outlays,  or  original 
cost,  to  obtain  the  resources  represented  by  these  investments,  were  consider- 
ably higher  than  the  average  values  but  not  as  high  relatively  for  the  total  as 
for  irrigation  facilities  and  farm  operating  equipment.    This  is  because  land 
and  leveling  are  not  depreciated,  but  are  valued  at  the  same  level  for  both 
original  cost  and  average  value. 

Variations  in  total  fixed  costs  among  the  four  farm  models  closely  resemble 
those  in  total  investments,  inasmuch  as  fixed  costs  for  owning  property  repre- 
sent a  big  proportion  of  all  such  costs. ^    Upper,  with  $73,1T0  total,  has  the 
highest  fixed  costs,  about  ^LLk  per  acre.    Central  ranks  the  lowest;  a  $49,030 
total  for  the  model  in  this  area  represents  about  $TT  per  acre. 

In  this  study,  we  omit  fixed  costs  from  the  analysis  until  after  determin- 
ing, through  linear  programming,  the  optimum  solutions  for  each  of  the  four 
models  as  we  vary  the  independent  variables  (water  prices,  annual  water  quanti- 
ties, or  cotton  lint  prices).    We  then  consider  fixed  costs  in  evaluating  total 
farm  returns  (including  profits)  in  a  later  section. 

Tv/o  elements  sometimes  included  in  variable  water  costs  per  acre-foot 
appear  under  fixed  costs  in  this  study  —  irrigation  demand  charges  and  irriga- 
tion district  assessments  (see  Table  2). 

l/    See  Appendix  Table  A-1  for  methods  of  computing  fixed  costs. 
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TABliB  2 

Suonary  of  Fixed  Costs;  Four  SubanBS 


Non  cash 

Cash 

Total 

Item 

Interest 

Depreciation 

Subtotal 

Tbxes 

Other 

Subtotal 

costs 

1 

2 

1* 

5 

7 

8 

dollars 

UPPER 

30,720 

30,720 

8,960 

8,960 

39,680 

Labor  housing 

( <^ 

900 

1,620 

294 

90 

384 

2,004 

Other  Improvements 

195 

295 

490 

80 

20 

100 

590 

Irrigation  -  original 

3, lit: 

S  1*00 

8  602 

1,271 

1,271 

9,873 

Irrigation  -  added. 

508 

968 

?07 
e:\j  I 

207 

1,683 

Power  and  machinery 

2, 806 

Q  501 

12,307 

1,146 

620 

1,766 

14,073 

Social  Se.;unty; 

1  049 

Compensation  insurance 

1  04q 

1  oUq 

Office  expense 

800 

800 

'800 

Irrigation  demand  charge 

1,497 

1,497 

1,497 

Irrigation  district  assessaent 

1.920 

1.920 

1.920 

TOTAL 

38,061 

17,15'* 

55,215 

11,958 

5,996 

17,95'* 

7^  1 

EABTSIIE 

2^  QUO 

23,040 

6,240 

6,240 

29,280 

liibor  housing 

720 

900 

1,620 

270 

90 

360 

1,980 

Other  improvements 

400 

74 

20 

94 

584 

Irrigation  -  original 

s  1*66 

8  579 

1,196 

1,196 

9,775 

Irrigation  -  added 

SOT 

968 

1,4^5 

194 

194 

1,669 

Power  and  machinery 

2,777 

9,1*01* 

12,181 

1,054 

620 

1,674 

13,855 

Social  Security; 

1,360 

1,360 

1,360 

Compensation  insurance 

Office  expense 

800 

800 

800 

Irrigation  demand  charge 

1,497 

1,497 

1,497 

Irrigation  district  assessment 

3.200 

3.200 

2,200 

TOTAL 

30,352 

17,033 

47,385 

9,028 

7,587 

16,615 

64,000 

WESTSIDE 

Land 

28,Ul6 

28,416 

8,288 

8,288 

36,704 

Labor  housing 

720 

900 

1,620 

294 

90 

384 

2,004 

Other  improvements 

195 

289 

484 

79 

20 

99 

583 

Irrigation  system 

1,893 

3,234 

5,127 

775 

620 

775 

5,902 

Power  and  machinery 

2,777 

9,1*01* 

12,181 

1,134 

1,75'* 

13,935 

Social  Security; 

647 

647 

647 

Compensation  insurance 

Office  expense 

800 

800 

800 

Irrigation  demand  charge 

789 

789 

789 

Irrigation  district  assessment 

s  760 

5.760 

s  760 

TOTAL  -  A  a/ 

34,001 

13,827 

47,828 

10,570 

8,726 

19,296 

67,124 

TOTAL  -  A'  b/ 

34,001 

13,827 

47,828 

10,570 

2,966 

13,536 

61,364 

CENTRAL 

Land 

17,280 

17,280 

4,320 

4,320 

21,600 

Labor  housing 

720 

900 

1,620 

252 

90 

342 

1,962 

Other  improvements 

195 

289 

484 

67 

20 

87 

571 

Irrigation  system 

1,69"* 

2,437 

4,131 

593 

645 

593 

4,724 

Power  anl  machinery 

2,975 

9,9'*'* 

12,919 

1,040 

1,685 

14,604 

Social  Security; 

983 

983 

Condensation  insurance 

983 

Office  expense 

800 

800 

800 

Irrigation  demand  charge 

91*5 

945 

945 

Irrigation  district  assessment 

2.842 

2.842 

2.842 

TOTAL 

22,861* 

13,570 

36,434 

6,272 

6,325 

12,597 

49,031 

a/    «.  -  Ground- plus- surface  water, 
b/    A'  -  Ground-water-only. 

Source:    Calcxiiated  "by  authors  from  original  interview  data. 
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Our  analyses  concern  initially  only  those  costs  that  vary  as  water  quantities 
change  during  the  season;  meter  charges  (or  energy),  repairs,  and  other  direct 
pumping  costs.    Demand  charges  and  irrigation  district  assessments,  once  levied, 
remain  the  same  for  a  particular  production  season,  regardless  of  the  quantities 
of  water  used;  hence,  they  appear  under  fixed  costs  in  this  study. 

Crop  Yield  Estimates  Vary  According  to  Irrigation  Treatments  on  Each  Soil 

An  essential  step  in  this  analysis  was  to  estimate  crop  yields  for  the  soils 
in  each  subarea,  according  to  specified  irrigation  treatment  practices.  These 
estimates  rest  on  a  procedizre  intended  to  evaliiate  how  irrigation  practices  in- 
teract with  soil-water-plant  relationships  to  regulate  yields.    Two  definitions 
are  important  in  analyzing  relationships,  field  capacity  (FC)  and  permanent 
wilting  percentage  (PWP).    The  first,  FC,  represents  all  the  water  that  a  parti- 
cular soil  vill  hold  following  a  thorough  wetting,  but  after  allowing  enough 
time  for  free  water  to  drain  out  by  gravity.    PWP  refers  to  the  soil  moisture 
content  below  which  the  plants  cannot  obtain  water  readily.    Plants  will  wilt 
at  this  moisture  level,  and  do  not  recover  unless  water  is  added  immediately  to 
the  soil.^    Questions  regarding  profitable  irrigation  practices,  therefore, 
concern  the  amounts  of  water  to  be  added,  and  their  proper  timing,  in  order  to 
maintain  soil  moisture  within  the  range  between  field  capacity  and  PViP  that  will 
enable  the  operator  to  maximize  net  dollar  returns. 

We  base  our  analysis  in  this  study  on  the  concept  that  in  general  the  rela- 
tive rate  of  plant  growth  depends  upon  the  mean  soil  moisture  stress  in  the 
active  root  zone;  that  is,  that  the  tension  with  which  moistiire  adheres  to  the 

soil  particles  near  the  active  roots  regulates  the  amount  of  moisture  available 

2/ 

to  the  plant  and,  hence,  its  growth  rate.-* 

1/    Viehmeyer,  F.  J.,  and  A.  H.  Ifendrickson,  Essentials  of  Irrigation  and 
Cultivation  of  Orchards,  Berkeley:    University  of  California,  Agr.  Ext.  Serv. 
1950,  PP«  ^-9  (Circ.  50,  Rev.  1950).    Viehmeyer,  F.  J.,  and  A.  H.  Hendrickson, 
The  Effects  of  Soil  Moisture  on  Deciduous  Fmit  Trees.  Report  of  the  XIII 
International  Horticultural  Congress,  1952,  Vol.  1,  pp.  306-319.    See  also: 
Beringer,  Christoph,  An  Economic  Model  for  Determining  the  Production  Function 
for  Vfater  in  Agriculture,  Berkeley:    University  of  California  Ag.  Expt.  Sta. 
Giannini  Foundation  Research  Report  No.  2kO,  1961.    This  stiidy  includes  a  review 
of  definitions  and  concepts  relating  to  soil-water-plant  relationships  appearing 
in  agronomic  literature. 

2/    Hagan,  Robert  H. ,  Factors  Affecting  Soil  Moisture-Plant  Growth  Relations. 
Report  of  the  XIV  International  Horticultural  Congress,  Netherlands,  1955,  P«  86; 
Wadleigh,  Cecil  H. ,  "Soil  Moistirre  in  Relation  to  Plant  Growth,"  Yearbook  of 
Agriculture .  U.S.  Department  of  Agriculture,  1955,  Washington  25,  D.C.,  pp.  358-36I. 
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Not  ail  scientists  fully  accept  this  view  of  soil-water-plant  relationships. 
Some  researchers  of  long  standing  in  the  field  hold  that  variations  in  soil  mois- 
ture content  between  field  capacity  and  PWP  have  little  hearing  on  plant  deve- 
lopment and  yield.    Some  among  those  who  support  the  mean  moisture- stress  con- 
cept, moreover,  concede  that  brief  periods  of  high  stress  can  have  an  exaggerated 
impact  upon  plant  growth.    They  hold,  nonetheless,  that  the  moisture-stress 
theory  represents  the  best  approximation  for  a  wide  range  of  crop  under  varying 
soil  and  climatic  conditions. 


Yield  Estimates  Reflect  Mean  Soil  Moisture  Availability  Ratios 

We  use  the  mean  soil  moisture-availability-stress  theory  as  the  basis  for 
analyzing  how  irrigation  affects  growth  and  yields.    Irrigation  practices  through 
affecting  soil  moisture  stress,  therefore  represent  an  important  influence  re- 
gulating profits  on  the  individual  farm.^    We  assume  in  applying  this  concept 
that  growth  is  a  completely  reliable  indicator  of  yield;  that  any  given  depar- 
ture of  growth  rate  from  the  maximum  potential  is  accompanied  by  a  yield  reduc- 
tion in  the  same  proportion.    The  starting  point  for  estimating  yields  asso- 
ciated with  each  irrigation  practice  is  an  estimate  of  potential  yields  under 
optimum  soil  moisture  conditions,  obtained  from  researchers  and  specialists 
working  on  irrigation  technology.    The  subsequent  procedure  involved  six  steps 
for  the  crops  studied  on  each  soil  series  type,  according  to  a  given  set  of 
climatic  conditions:^ 

1,  Determining  amounts  of  water,  days  between  each  successive  pair  of 
irrigations  (length  of  cycle),  and  timing  for  applications,  under  each 
of  three  specified  irrigation  treatments.    These  represent  different 
percentage  depletions  of  available  soil  moisture  (lOO,  80,  and  60  per- 
cents,  respectively)  permitted  before  applying  water  (a  combined  80- 
100  percentage  also  was  used  for  certain  crops). 

2.  Ifeasuring  changes  in  soil  moisture  depletion  levels  throughout  each 
irrigation  cycle  during  the  season.    We  obtained  soil  moisture  release 
curves  representative  of  each  of  the  soils  studied.    With  these  data, 
we  constructed  relative  growth  rate  curves,  as  explained  in  an  earlier 
report.^ 


l/    Moore,  Charles  V.,  "A  General  Analytical  Framework  for  Estimating  the 
Production  Function  for  Crops  Using  Irrigation  Water,"  Journal  of  Farm  Economics. 
Vol.  XLIII,  Part  1,  No.  k,  November  196I,  pp.  876-888. 

2/    See  Appendix  Figure  A-1  and  Appendix  Tables  A-2  and  A-3.    Also  see.  Hedges 
and  Moore,  Economics  of  On-Farm  ....    1.    Enterprise  Choices.  Resource  .  .  .. 
pp.  25-36,  (includes  a  more  complete  discussion  of  this  procedure). 

2/    IbM.,PP.  25-32. 


-20- 


3.    Estimating  plant  growth  (hence  yields)  according  to  levels  of  avail- 
able soil  moisture  for  each  irrigation  cycle.    Relative  growth  curves 
provide  the  basis  for  these  estimates. 

h.    Establishing  the  mean  growth  rates  for  each  crop  during  each  cycle  ac- 
cording to  soils  and  irrigation  treatments,  and  expressing  each  as  an 
index  of  the  potential  yield  possible  under  physically  optimum  mois- 
ture conditions. 

5.  Cumulating  the  growth  rates  (and  yields)  for  the  several  cycles  into 
a  seasonal  yield  index  for  each  crop,  according  to  soils  and  irriga- 
tion treatments. 

6.  Applying  the  seasonal  yield  indices  from  (5)  to  the  potential  yields 
estimated  to  obtain  yields  associated  with  each  of  the  various  irriga- 
tion treatments  for  crops  involved  on  each  soil  series  type. 

Our  approach  uses  the  100  percent  level  (dry),  plus  the  80  and  60  percent 
levels  (medium,  and  wet),  respectively,  to  define  the  three  major  irrigation 
practices  for  analysis.    A  fourth  practice,  used  for  some  crops,  is  the  80-100 
percent  level  (mixed),  in  which  the  80  percent  level  applies  to  the  early  por- 
tion, and  the  100  percent  level  to  the  latter  portion  of  the  season.  Thus, 
this  analysis  may  include  as  many  as  four  soil-crop-irrigation  practice  combina- 
tions for  a  particular  crop  on  a  single  soil,  although  usually  a  fewer  number 
appears . 

NATURAL,  ECONOMIC,  AND  INSTITUTIONAL  FACTORS  GOVERN 
COMPETITION  AMONG  SUBAREAS 

Each  San  Joaquin  Valley  Cotton  Subarea  Includes 
Some  Excellent  Soils 

Grades  I  and  II  soils,  according  to  the  Storie  Index,  account  for  about 
one-half  of  all  crop  land  acreage  in  the  Upper  San  Joaquin  Valley  and  on  the  East- 
side,  for  approximately  60  percent  on  the  Westside,  for  only  about  21  percent 
in  the  Central  San  Joaquin  Valley  (see  Table  3).    This  evaluation,  based  on  avail- 
able soil  survey  reports  for  much  of  the  total  area  (data  for  Central  include 
only  Ifedera  County),  indicates that  soils  are  highly  productive  for  irrigated  ag- 
riculture in  most  of  the  San  Joaquin  Valley  cotton-growing  area.    Total  acreages 
classed  as  Grade  I  or  II  range  from  530,000  on  the  Eastside  to  nearly  600,000 
on  the  Westside  in  the  three  main  cotton  subareas,  but  account  for  only  l83,000 
acres  in  Central . 

Grade  III  soils  also  represent  an  important  percentage  of  all  land  resources 
in  each  of  the  four  subareas.  Upper  San  Joaquin  Valley,  with  23  percent  of  the 
total  in  this  grade,  having  the  largest  percentage  (see  Table  3). 
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Table  3 

Soil  Resources  by  Grades;  Four  Subarea.s  in  the  San  Joaquin  Valley- 


Soil 

Storie 
classification 

Upper 

East side 

Westside 

Central 

Grade 

Index 

Acres 

Percent 
of  total 

Acres 

Percent 
of  total 

Acres 

Percent 
of  total 

Acres 

Percent 
of  total 

1 

2 

3 

k 

5 

6 

7 

8 

9 

10 

I 

80-100 

276, 608 

22.0 

291,581+ 

26.1 

i+18, 225 

1+6. U 

105,175 

12.1 

II 

60-  79 

307,6i^8  ■ 

2k.k 

238, 11+1+ 

21.3 

132, 200 

li+.6 

78, 171 

9.0 

III 

ko-  59 

285, 21+8 

22.6 

178,1+96 

15.5 

109,950 

12.2 

153,81^ 

17.7 

IV 

2';-  39 

126, 720 

10.1 

1I+1+,  192 

13.^ 

119, 350 

13-2 

301, 315 

3^.7 

V  and 

belc 

)w  10-  19 

263,296 

20.9 

265,  S6k 

23.7 

122,  675 

13.6 

228, 871 

26.3 

TOTALS 

1,259,520 

100.0 

1, 118, 080 

100.0 

902, 1+00 

100.0 

867, 3^6 

100.0 

a/  Calculated  by  authors  from  data  listed  in  Soil  Survey  reports; 


Upper;  BaJiersfield  and  Wasco 

Eastside;  Fresno,  Hanford,  Pixley,  and  Visalia 
Westside;  Western  Fresno  County 
Central;  Madera  County 


These  soils  data  give  a  reasonably  definite  indication  of  the  relative  pro- 
duction potential  for  intensive  (thus  irrigated)  crops  in  the  four  subareas. 
Soils  in  the  Grades  I  and  II  classifications  account  for  most  of  the  high  gross- 
value-per-acre  production  throughout  the  cotton- growing  area,  with  Grades  III 
and  IV  soils  usually  finding  their  most  economic  use  in  grains  and  irrigated 
pasture.    Thus,  Westside  has  the  highest  production  potential,  Upper  and  East- 
side  rank  about  equally  in  second  place,  and  Central  is  at  the  lowest  level, 
according  to  soil  quality  alone. 

Soil  data  cited  above  are  aggregates  for  the  entire  area  included  in  each 
of  the  soil  survey  reports.    Distribution  according  to  soil  quality  for  indivi- 
dual farms,  therefore,  will  not  necessarily  agree  fully  with  this  information. 
Nevertheless,  they  do  correspond  reasonably  well,  except  for  Central.    This  is 
because  in  most  of  the  cotton-growing  valley,  each  soil  quality  tends  to  occur 
in  sizable  blocks.  Central  again  being  the  exception.    In  Madera  Coimty,  cited 
here  to  represent  soils  conditions  in  the  Central  San  Joaquin  Valley,  the  various 
soil  bodies  are  much  more  dispersed  and  intermingled  than  is  true  for  the  other 
three  subareas. 

Climatic  Characteristics  Affect  Crop  Adaption  and  Yields 

Climate  is  an  important  influence  regulating  the  economic  adaptation  and 
profitability  of  crops,  and  particularly  of  cotton  which  is  highly  important  in 
all  four  of  the  southern  San  Joaquin  Valley  subareas.    Doyle  has  pointed  out 
that  about  TT.O^F.  appears  to  be  the  average  summer  temperature  below  which  com- 
mercial cotton  production  becomes  unprofitable,  and  that  such  temperatures  char- 
acterize the  northern  boundary  of  the  Cotton  Belt  in  the  United  States.-'  Varia- 
tions in  summer  temperatures  represent  the  principal  climatic  difference  among 
the  four  San  Joaquin  Valley  cotton-growing  subareas.    They  feature  in  common 
relatively  mild  winters,  low  ann\ial  precipitation  with  rainless  summers,  and 
long  growing  seasons,  the  latter  varying  in  length  from  2k2  days  for  VJestside 
to  269  days  for  Eastside.    This  latter  subarea  also  has  summer  mean  temperatures 
(June,  July,  and  Aiigust)  that  average  T7.^S(see  Figure  h).    Averages  range  from 
about  one  to  nearly  five  degrees  higher  for  these  months  in  Upper  and  Westside 


1/  Doyle,  CD.,  "Climate  and  Cotton",  U.S.  Department  of  Agriculture 
Yearbook  1941.  U.S.  Government  Printing  Office,  Washington,  D.C.,  p.  3^2. 
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subareas,  and  also  are  higher  during  the  spring  and  fail  months.    In  contrast, 
temperatures  in  Central  are  lower  than  in  Eastside  during  the  entire  cotton- 
growing  season  from  April  through  October,  and  range  from  one  to  two  degrees 
lower  during  June,  July,  and  August  (see  Figure  k).    These  data,  like  those  for 
soils,  indicate  that  the  Central  San  Joaquin  Valley  subarea  is  at  some  disad- 
vantage compared  with  the  other  three  in  cotton  production.    Irrigation  is  es- 
sential for  commercial  cotton  growing,  as  for  all  other  summer  crops  in  each  of 
the  four  subareas.    Thus  variations  in  water  availability  and/or  cost  among 
these  subareas  also  may  generate  differences  among  crops  in  adaptability  for 
economic  production  and,  therefore,  in  relative  profit  rankings. 

Cotton-Producing  Subareas  Vary  Widely  in  Irrigation 
Water  Availability  and  Cost 

Most  summer-growing  crops,  throughout  the  cotton-producing  portion  of  the 
San  Joaquin  Valley,  obtain  only  a  relatively  small  proportion  of  total  water 
requirements  for  economic  yields  directly  from  precipitation;  most  water  used 
(all  of  it  during  the  summer  months)  is  supplied  by  irrigation.    At  the  time  of 
this  study,  ground  water  represented  an  important  fraction  of  all  irrigation 
water  throughout  the  four  subareas.    Its  relative  importance  in  total  farm  quan- 
tities available  varied  from  100  percent  for  Westside  to  87  percent  for  Central. 
But  depth  to  water,  total  pumping  lift,  size  of  motor  and  energy  requirements, 
and  other  pumping  characteristics  vary  widely  among  these  areas  (see  Figure  l). 
Pumping  costs,  both  fixed  costs  and  variable  expenses,  also  differ  as  does  the 
total  annual  quantity  of  water  available,  and  its  seasonal  distribution.^ 
Quality,  too,  often  is  a  factor;  for  example  ground  water  in  Westside  where  re- 
latively high  mineral  content  shortens  pumping  plant  life  and  thus  increases 
fixed  and  total  costs. 

Limited  quantities  of  water  available  for  irrigation  use  present  a  prob- 
lem of  greater  or  lesser  degree  in  all  four  subareas,  probably  least  in  rela- 
tionship to  acreages  of  high  quality  land  for  Central.    Westside  is  the  subarea 


1/    See  Hedges,  Trimble  R. ,  and  Charles  V.  Moore,  "Irrigation  Pumping  Plant 
Characteristics  in  the  San  Joaquin  Valley,"  California  Agriculture.  Vol.  Ik. 
Ko.  8,  August  i960,  pp.  2-3;  and  Moore,  Charles  V.,  and  Trimble  R.  Hedges, 
"Irrigation  Costs  of  Pumping  in  the  San  Joaquin  Valley,"  California  Agriculture. 
Vol.  Ik,  No.  10,  October  i960,  pp.  3-4. 
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FIGURE  4. 

Mean  Temperature  Deviations  in  Upper,  Westside,  and  Central 
Subareas  from  Eastside;  Precipitation  and  Growing  Season  in  Eostside 
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with  the  most  serious  water  shortage  problem;  the  continiaally  dropping  water 
tables  over  a  period  of  years,  in  the  absence  of  effective  recharge,  has  resulted 
quite  generally  in  extremely  high  pumping  costs  (total  costs  commonly  equal  or 
exceed  $25  per  acre-foot). 

Water  sources,  facilities,  and  costs  used  in  analyzing  the  four  subarea 
models  reflect  existing  conditions,  except  for  Westside.    Two  considerations  led 
us  to  use  a  different  approach  in  specifying  irrigation  water  conditions  and 
costs  for  Westside:    First  is  the  point  mentioned  above;  the  present  critical 
underground  water  situation  plus  its  continuing  deterioration;  second,  Califor- 
nia Water  Plan  developments  indicate  that  surface  water  will  be  available  to 
the  Westside  subarea  threugh  the  San  Luis  project  within  the  not  too  distant 
future.    Our  analysis,  therefore,  recognizes  these  factors,  and  considers  their 
possible  effects  in  a  6U0-acre  model  on  Westside  with  sizable  amounts  of  sur- 
face water  available.    Actually,  except  under  such  conditions,  a  6ifO-acre  model 
has  no  realism  for  Westside.    Few  such  units  exist  there  now,  and  the  relatively 
high  cost  of  developing  wells  and  obtaining  water  make  it  highly  unlikely  that 
their  number  will  expand  unless  and  until  surface  water  is  available  at  prices 
considerably  below  present  costs  for  providing  underground  water. ^ 

Economic  Variations  among  Subareas  are  Important 

Cotton  Banks  First  among  Field  Crops.— Cotton    is    the  highest  ranking 
crop  according  to  net  returns-over-variable  expenses  (fixed  costs  not  considered) 
per  acre  in  all  four  subareas  imder  conditions  of  this  study  (based  on  the  period 
1956-1960).    Important  variations  among  subareas  appear,  however,  in  adapted 
crops,  absolute  net  returns  levels,  and  relative  ranking  among  crops  (see  Figure 
5).    This  analysis  includes,  in  addition  to  cotton,  alfalfa  hay,  Blackeye  beans, 
milo  (single-  and  double -cropped  with  barley),  and  barley  in  all  subareas.  Irish 
potatoes  appear  in  the  ranking  for  Upper,  melons  for  Eastside  and  Westside,  and 


1/    Corporate  ownership  exists  throughout  the  cotton-growing  area  of  the  San 
Joaquin  Valley.    It  dominates  in  Westside,  where  much  of  the  land,  originally 
acquired  under  Railroad  Acts,  is  still  held  by  railway  companies,  and  consider- 
able additional  acreage  is  owned  by  large  oil  corporations  (corporations  also 
control  sizable  acreages  of  cultivated  land  in  Upper,  and  are  important  in  both 
the  other  two  subareas,  particularly  in  certain  localities). 
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FIGURE  5 


NET  RETURNS  PER  ACRE  FOR  SPECIFIED  CROPS,  BY  SOILS  AND  IRRIGATION 
TREATMENTS;  FOUR  SUBAREAS 
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field  corn  for  Central.    Net  returns  data  for  some  of  the  crops  in  the  several 
subareas  appear  in  the  Appendix,  though  not  shown  in  Figure  5.-^ 

Crop  rankings  according  to  net  returns-over-variable  expenses  per  acre  re- 
flect the  soil-crop-irrigation  treatment  combinations;  thus,  one  crop  may  appear 
as  an  income  activity  two  or  more  times  in  these  rankings  (see  Figure  5).-^ 
Typically,  corporations  that  own  sizable  acreages  of  land  suitable  for  cultiva- 
tion in  the  Westside  lease  this  land  to  farmers,  individual  or  corporate  opera- 
tors, usually  under  a  developmental  lease  providing  for  the  operator  to  provide 
the  capital  required  in  leveling,  making  water  available,  and  providing  farm 
water  distributing  facilities. 

The  relatively  high  proportion  of  corporate  ownership,  plus  water  shortages 
and  high  water  costs,  in  Westside  have  combined  to  encourage  relatively  large- 
scale  operations  in  this  area.    Thus,  in  1954  Fresno  County  Agricultural  Stabi- 
lization and  Conservation  Committee  records  showed  only  154  contracts  in  western 
Fresno  County  with  575, 080  crop  acres.    In  comparison,  eastern  Fresno  County 
listed  k,l80  contracts  with  394,800  acres  of  crop  land  during  1954.  Considering 
all  counties  in  each  subarea,  in  1954  the  ASC  records  showed  9,570  contracts  and 
1  million  acres  of  crop  land  on  the  Eastside,  as  compared  with  304  contracts  and 
1.25  million  acres  of  crop  land  on  the  entire  Westside.    Western  Fresno  included 
154  of  these  latter  operations  with  575,000  crop  acres.    Upper  San  Joaquin  Valley 
had  1,7S0  contracts  and  390,300  acres  in  crop  land,  and  Central,  1,690  contracts 
with  290,000  acres  of  crop  land. 

We  evaluated  all  field  crops  in  each  subarea  that  farmers  commonly  grow  on 
any  substantial  acreage.    Melons,  appearing  here  in  the  rankings  for  Eastside 
and  Westside,  in  these  analyses  represent  specialty  crops  in  general.    A  wide 
variety  of  such  crops  collectively  account  for  a  sizable  acreage  in  all  subareas 
except  Central,  but  no  one  crop  dominates  this  specialty  crop  group,  except  for 
potatoes  in  Upper  and  cantaloups  on  the  Westside.    We  chose  melons  to  represent 
the  specialty  crops  in  Eastside,  as  well  as  Westside,  for  convenience  in  analysis; 
we  do  not  suggest  that  this  crop  necessarily  has  an  earnings  advantage  over  other 
possible  choices  available  to  any  particular  individual  operator. 

1/    See  Appendix  Table  A-5. 

2/    This  is  one  reason  for  referring  to  a  particular  soil-crop-irrigation 
practice  combination  as  an  "activity"  in  linear  programming  procedures  and 
solutions . 
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The  ranking  order  according  to  net  returns  per  acre  for  crops  in  the  Upper 
San  Joaquin  Valley  is  as  follows:    cotton,  potatoes,  sugar  beets,  alfalfa  hay, 
beans,  railo  (double-  and  single -cropped  with  barley),  and  barley  (see  Figure  5). 
In  this  ranking  all  soil-crop-irrigation  practice  combinations  for  each  crop 
rank  above  all  those  for  the  next  lower  ranking  crop.    Some  overlappings  are 
evident,  however,  in  comparing  the  several  combinations  for  each  individual  crop. 

Crop  rankings  according  to  net  returns  for  Eastside  and  Westside  agree  in 
general  with  those  for  Upper,  except  that  alfalfa  hay  ranks  higher  than  sugar 
beets  on  the  V/estside.    In  Eastside  and  Westside,  cotton  ranks  first,  with  me- 
lons (the  specialty  crop  representative)  second,  and  the  other  crops  following 
in  order. 

Central  differs  sharply  from  the  other  three  subareas  in  that  the  ranking 
includes  no  specialty  crop,  sugar  beets  do  not  appear,  and  field  corn  appears 
in  the  ranking  according  to  net  returns -over- variable  expenses. 

Grains,  as  a  group,  rank  lowest  in  all  four  subareas,  but  the  relative 
positions  of  the  individual  crops  varies  considerably.    Double-cropped  milo 
occupies  first  place  among  the  grains  group,  and  immediately  after  Blackeye 
beans,  on  all  soils  in  all  subareas,  except  Grade  I  soil  in  Westside  and  Grades 
I  and  III  soils  in  Central  (see  Figure  3).    Net  returns  for  this  crop  range  from 
as  high  as  $43  per  acre  in  Eastside  to  as  low  as  $12  per  acre  in  Westside. 

Barley  is  at  the  bottom  of  the  list  on  both  soils  in  Upper  and  Eastside, 
but  on  Westside  ranks  above  all  other  grains  on  the  Grade  I  soils,  and  above 
double-cropped  milo.    The  barley  ranking  on  net  returns  differs  among  soils  in 
Central;  it  is  lowest  on  Grade  I,  ahead  of  field  corn  on  Grade  II,  and  above 
both  this  crop  and  double -cropped  milo  on  Grade  III  soils.    Milo  is  more  profit- 
able than  field  corn  in  both  Eastside  and  Central,  the  only  two  subareas  for 
which  field  corn  was  tested.    Returns  from  beans  in  Eastside  are  $t4-$8i  per 
acre,  or  about  $25  higher  than  earnings  for  this  crop  in  the  other  three  subareas. 

Several  conclusions  follow  from  these  net  returns  rankings  on  crops  in  the 
several  subareas.    Cotton  clearly  is  the  most  profitable  field  crop  commonly 
grown  throughout  the  entire  study  area.    Specialty  crops,  however,  offer  the 
closest  earning-per-acre  competition  to  cotton  in  the  three  subareas  where  na- 
tural resource  conditions,  available  markets,  managerial  "know-how,"  adequate 
supplies  of  available  capital,  and  other  determining  factors  favor  their  produc- 
tion.   Alfalfa  hay  (the  crop  occupying  the  largest  acreage  in  the  study  area) 
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and  sugar  beets,  occupy  a  middle  position  in  the  rankings  according  to  net  re- 
turns for  three  areas.    Blackeye  beans  and  milo  (typically  double -cropped  milo) 
come  next  in  the  profit  rankings  with  the  beans  offering  somewhat  the  higher 
net  returns.    Barley  (or  single -cropped  milo)  is  at  the  lowest  level  in  the 
rankings . 

Cotton,  the  highest  net  retixrns  crop,  shows  the  widest  variations  in  net 
returns-over- variable  expenses  (other  than  water  costs)  per  acre  among  the  four 
subareas;  maximum  values  by  subareas  were  Upper  $358,  Westside  $331,  Eastside 
$249,  and  Central  $158  per  acre,  respectively.    Relative  yields  are  important 
in  explaining  these  net  returns  differentials;  soil  and  climatic  differences 
largely  explain  the  yield  variations.    The  county  average  five-year  (1956-I960) 
cotton  lint  yield  per  acre  in  the  study  area  was,  by  counties,  Kern  1,128  pounds, 
Fresno  1,075  pounds,  Tulare  893  pounds,  and  Madera  806  pounds.    This  comparison 
understates  the  Westside  yield,  inasmuch  as  it  includes  cotton  grown  in  the 
portion  of  Fjj'esno  County  that  is  included  in  the  Eastside.     Yields  in  this  por- 
tion of  the  county  are  lower  than  those  in  Westside.    As  for  specialty  crops, 
little  difference  exists  for  melons  as  between  Eastside  and  Westside,  but  both 
these  subareas  show  higher  returns  for  melons  than  Upper  receives  from  potatoes. 
Earnings  from  sugar  beets,  in  contrast,  are  comparable  in  Upper  and  Eastside, 
and  are  distinctly  higher  in  both  subareas  than  in  Westside. 

Farm  Size  Distribution  Varies  Sharply  amonp;  Subareas.— An    earlier  report 
determined  that  farm  size  sharply  influences  how  water  prices  and/or  annual 
quantities  available  affects  the  economics  of  using  irrigation  water  to  grow 
cotton  and  other  general  field  crops. ^    Farm  size  distributions  vary  markedly 
among  the  four  subareas  studied.    This  size  factor,  therefore,  operates  differ- 
ently among  the  several  subareas.    Data  in  the  folloi/ing  text  table,  based  on 
1954  California  Agricultural  Stabilization  and  Conservation  Committee  records 
in  the  San  Joaquin  Valley,  indicate  the  extent  and  degree  of  farm  size  varia- 
tion in  farm  operations  with  cotton  allotments  during  that  year. 

Under  conditions  existing  in  1954,  and  during  the  period  covered  by  this 
study,  farms  of  421  acres  or  larger  represent  by  far  the  greatest  proportion  of 


i/  Moore  and  Hedges,  Economics  of  On-Farm  ....  2.  Farm  Size  in  Beiation 
to  .  .  . . 
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aii  cotton-producing  farms  on  the  Westside,  with  Upper  San  Joaquin  Valley  rank- 
ing next  in  the  proportion  of  all  farms  in  relatively  large  sizes.  Small  oper- 
ating units  definitely  dominate  in  Eastside  and  are  quite  important  in  Central. 
Farm  units  vith  fewer  than  1,100  acres  of  crop  land  are  relatively  unimportant, 
in  terms  of  either  number  or  acres  of  crop  land  on  the  Westside. 

Upper  and  Westside  Have  Well-Developed  Specialty  Crop  Marketing  Facilities. -- 
Potatoes  are  a  well-established  and  commonly  gro^m  specialty  crop  in  Kern  County. 
Well-located  and  efficient  potato  packing  sheds  are  readily  available;  larger 
operators  own  and  operate  their  own  facilities,  while  the  smaller  ones  contract 
with  shed  operators  for  the  packing  services  necessary  in  potato  marketing. 
Comparable  facilities  are  available  for  cantaloups  on  the  Westside.    Quite  com- 
monly in  this  subarea  a  single  farm  producer,  or  a  relatively  small  group  of 
producers,  will  own  and  operate  a  shed.    Custom  melon  packing  is  available,  how- 
ever, for  those  whose  operations  do  not  justify  owning  a  packing  shed. 

Packing  facilities  for  these  two  crops,  and  certain  others  such  as  green- 
wrapped  tomatoes,  sweet  corn,  lettuce,  and  dry  onions,  are  scattered  throughout 
the  cotton-producing  area  of  the  San  Joaquin  Valley.    Fruit  packing  and  process- 
ing establishments,  of  course,  also  are  available,  primarily  in  Eastside  and 
Central,  but  to  some  extent  in  Upper. 

Specialty  crops  quite  commonly  require  special  marketing  arrangements,  such 
as  contracts,  in  addition  to  special  facilities.    Growers  in  Upper  (for  potatoes) 
and  Westside  (for  cantaloups)  have  a  distinct  advantage  over  those  in  the  other 
two  subareas  because  market  outlets  and  packing  facilities  are  already  estab- 
lished and  regularly  handle  substantial  volumes  of  these  products  each  year. 

Marketing  outlets  and  facilities  for  cotton,  alfalfa  hay,  Blackeye  beans, 
and  the  feed  grains  are  available  throughout  the  four  subareas.    Farmers  who 
wish  to  grow  sugar  beets  also  should  have  little  difficulty  in  arranging  market 
outlets,  providing  they  are  able  to  obtain  "proportionate  shares"  during  years 
when  acreage  restrictions  are  enforced.    One  of  the  major  sugar  companies  re- 
cently built  a  sugar  factory  on  the  Westside. 

WATER  PRICE  LEVELS  AT  WHICH  TOTAL  FARM  NET  RETURNS  EQUAL  ALL  FIXED  COSTS 

DIFFER  SHARPLY  AMONG  SUBAREAS 

Total  Farm  Net  Returns  Decline  as  Water  Prices  Rise 
Optimum  solutions,  as  determined  by  linear  programming  for  each  farming 
system  within  each  of  the  four  subareas,  cover  a  wide  range,  as  water  prices 
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(variable  expenses)  vary  from  zero  to  $32  per  acre-foot  (see  Figure  6).  These 
solutions  represent  total  farm  net  returns-over-variable  expenses  at  different 
variable  costs  for  water.    They  afford  an  effective  comparison  among  farming 
systems  in  a  particular  subarea  and  among  subareas  as  to  the  degree  that  changes 
in  water  prices  affect  farm  returns.    These  total  farm  net  returns  data,  eval- 
uated vis-a-vis  total  farm  fixed  costs,  also  provide  useful  indications  of  over- 
all farm  performance. 

A  farmer  seeks  revenue  above  that  required  to  cover  variable  expenses  and 
fixed  costs  (cash  fixed  costs,  depreciation,  and  interest  on  his  capital  invest- 
ments).   He  also  wants  a  dollar  reward  for  management,  supervision,  and  risking 
his  capital.    He  receives  nothing  for  these  services  at  water  prices  (variable 
expenses)  associated  with  total  farm  net  returns-over- variable  expenses  exactly 
equal  to  fixed  costs;  he  sustains  losses  if  net  returns  drop  below  fixed  costs. 
A  later  section  presents  data  on  profits  and  other  conventional  farm  earnings 
measures,  and  examines  these  concepts  and  their  application  to  this  study  in 
somewhat  greater  detail.  ' 

Data  for  cropping  System  C  (excluding  cantaloups,  or  potatoes,  and  sugar 
beets)  indicate  important  differences  among  subareas  in  the  water  prices  at 
which  net  returns-over-variable  expenses  exactly  break  even  with  total  farm 
fixed  costs  ("break-even  prices")  (see  Figure  6).    The  range  is  from  $4.75  per 
acre-foot  for  Central  to  $17.50  for  the  groundr plus -surface  water  combination 
in  Westside.    The  break-even  price  for  ground  water-only  in  Westside  ($li<-.00) 
and  Upper  ($13.00)  differ  by  only  $1.00;  Eastside's  $10.00  break-even  price  is 
much  closer  to  these  two  than  the  $4.75  figure  for  Central. 

This  analysis  establishes  clearly  that  important  earnings  differences  exist 
among  the  640-acre  analytical  models  in  the  four  subareas.    Operators  on  cotton- 
general  crop  farms  (with  no  specialty  crops)  in  Westside  and  Upper  are  able  to 
obtain  total  farm  net  returns  equivalent  to  all  fixed  costs  at  higher  water 
prices  per  acre- foot  than  growers  in  either  Eastside  or  Central.    Some  caution 
is  necessary  in  comparing  Upper  and  Westside  according  to  these  data.    Data  for 
the  latter  subarea  are  more  subject  to  error  than  those  for  any  of  the  other 
three.    This  is  because  it  was  necessary  to  specify  characteristics  for  the  farm 
model  in  this  subarea  by  synthesis,  without  the  advantage  of  local  farm  organiza- 
tion data. 
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FIGURE  6 

FARM  NET  RETURNS  AND  IRRIGATION  WATER  VARIABLE  COSTS;  FOUR  SUBAREAS 


IRRIGATION    WATER    COST    (DOLLARS  /  AC.  FT.)  IRRIGATION    WATER   COST  (DOLLARS  /  AC.  FT) 


WESTSIDE 


IRRIGATION   WATER  COST  (DOLLARS  /  AC  FT) 
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The  three  suhareas  in  which  specialty  crops  are  sufficiently  important  to 
justify  analyzing  all  three  farming  systems  (A,  B,  and  C)  show  breaic-even  water 
prices  at  decidedly  higher  price  levels  for  System  A,  and  somewhat  higher  levels 
for  System  B  than  for  System  C  (see  Figure  6  and  Table  k).    In  Upper,  for  exam- 
ple, the  break- even  price  for  a  farming  system  that  includes  potatoes  and  sugar 
beets,  as  well  as  cotton  and  the  other  general  crops,  is  about  $20.75  --  almost 
$8.00  per  acre-foot  above  the  break-even  price  for  System  C.    The  B  System,  ex- 
cluding potatoes,  shows  a  break-even  price  of  about  $1^^.25,  as  compared  with 
$13.00  for  the  farm  with  System  C  crops.    Two  points  are  evident;  first,  farmers 
who  presently  are  in  position  to  grow  and  market  specialty  crops  successfully 
can  operate  at  higher  water  prices  than  those  who  are  not;  second,  further  in- 
creases in  opportunities  for  producing  and  marketing  these  crops  may  both  extend 
the  advantage  of  farmers  already  growing  them,  and  add  other  farmers  to  their 
number. 

Subareas  Vary  Widely  in  Maximum  Net  Returns  and 
Q,uantities  of  Water  Used 

We  also  used  linear  programming  to  determine  optimum  solutions  according 
to  water  use  as  quantities  vary  from  zero  to  the  limit  of  farm  supply  for  each 
model,  or  until  added  quantities  bring  no  further  increases  in  total  farm  net 
returns.    Prices  (variable  expenses)  per  acre-foot,  remaining  unchanged  through- 
out the  entire  range  of  quantities  for  each  farm  model,  are  as  follows:  Upper 
$if.50,  Eastside  $3.00,  Westside  $9.50,  and  Central  $1.75-^    These  variable  costs 
apply  to  water  regardless  of  whether  it  comes  from  underground  or  surface  sources. 
Considering  only  farming  System  C,  Upper,  with  approximately  $100,000  total  for 
net  farm  returns-over- variable  expenses  at  3,^63  acre-feet  of  water  used,  is  at 
one  extreme,  and  Central,  with  $62,660  in  net  returns  at  3,^90  acre-feet  of 
water  used,  at  the  other  (see  Figure  7  and  Table  5).    The  analytical  model  for 
Westside  (groiond-plus-surface  water)  has  the  lowest  total  water  use  (2,520  acre- 
feet)  but,  with  $90,170  net  returns,  exceeds  Eastside  in  earnings  despite  the 
fact  that  the  Eastside  farm's  total  water  use  of  2,760  acre-feet  is  higher. 

The  Westside  farm  with  both  ground  and  surface  water  uses  much  larger 
quantities  of  water  and  shows  sharply  higher  total  farm  net  returns  at  maximum 


1/  These  particular  prices  reflect  typical  costs  in  the  respective  sub- 
areas  during  the  study  period. 
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TABLE  k 


Variations  In  Farm  Het  HetumB-Over- Variable  Costs,  and  Irrigation 
Water  Variable  Costs;  Four  Subareas 


Net  returns 


Price  per 
acre-foot 


auantity 


Price  per 
Met  returns    I  acre-foot 


auantity 


Het  returns 


Price  per 
acre- foot 


auantity 


dollars 


ac  re  -feet 


dollars 


acre -feet 


dollars 


acre -feet 


A.    Includes  all  alternative  crops 


B.    Excludes  potatoes 


Excludes  potatoes  and  sugar  beets 


Upper  San  Joaquin  Valley 


126,565 

0.00 

3,165 

117,311* 

0.00 

3,356 

115,457 

0.00 

3,463 

112,61*5 

l*.l*l* 

3,153 

87,531* 

8.87 

3,200 

84,731 
83,431 

8.87 

3,278 

109,577 
106,776 

5.1*0 

2,985 

86,266 

9.27 

2,794 

9.27 

2,738 

6.31 

2,81*2 

80,551* 

11.31 

2,621 

77,835 

11.31 

2,676 

92,658 

11.28 

2,332 

76,363 

12.91 

2,591 

73,555 

12.91 

2,637 

81,225 
69,61*2 

16.18 

2,035 

69,190 

15.68 

2,049 

66,255 
65,205 

15.68 

2,113 

21.88 

1,595 
1,1*31* 

68,168 
59,051* 
56,771 

16.76 

1,601 

16.18 

1,219 
892 

66,507 
63,051* 

23.88 

21.88 

1,162 

58,262 

a. 87 

26.21* 

1,322 

22.63 

1,000 

54,659 

25.91 

887 

62,755 

26.1*7 

1,277 

54,362 

26.24 

888 

54,161 

26.47 

844 

55,200 

32.1*0 

1,207 

49,171 

32.39 

773 

49,171 

32.40 

773 

A.  Include 

3  all  alternative  crops 

B.    Excludes  cantaloups 

C.    Excludes  cantaloups  and  sugar  beets 

San  Joaquin  Valley  Eastside 


108,403 

0.00 

3,050 

95,205 

0.00 

3,232 

92,076 

0.00 

3,065 

98,134 

3.36 

3,007 
2,807 

86,215 

2.76 

3,205 

84,793 
83,627 

2.40 

2,837 

96,238 

3.96 

84,320 
61,630 

3.36 

2,727 
2,689 

2.76 

2,833 

75,105 
74,009 

11.52 

2,650 

11.64 

81,972 
47,061 

3.36 

2,762 

11.88 

2,457 

50,004 

15.96 

2,374 

15.96 

2,746 

63,425 

16.20 

1,951 
1,926 

49,452 

16.20 

1,628 

46,421 

16.20 

1,616 

61,768 

17.04 

48,068 

17.04 

1,626 
1,566 

46,205 

16.32 

1,241 

59,617 

18.24 

1,502 
1,443 

46,253 
35,003 

18.24 

29,515 

29.88 

1,198 

53,666 
42,558 

22.08 

25.44 

1,241 

1,198 

29.88 

1,408 

29,515 

29.88 

San  Joaquin  Valley  Westslde  (ground-plus-surface  water) 


123,330 

0.00 

2,4l8 
2,403 

115,884 

0.00 

2,784 

110,888 

0.00 

2,653 

118,733 

1.90 

106,075 

3.57 

2,759 

110,841 
103,169 

1.74 

2,599 
2,467 

118,001 

2.21 

2,346 

103,213 
97,671 

4.56 

2,737 

2.95 

106,064 
105,857 

7.29 

2,295 

6.59 

2,702 

102,489 

3.23 

2,354 

7.38 

2,291 
2,263 

88,350 

10.04 

2,620 
2,554 

91,225 
87,015 

8.01 

2,335 

104,353 

8.04 

86,902 
85,345 

10.59 

9.82 

2,287 

102,259 

9.00 

2,193 

11.20 

2,488 

77,496 

13.98 

2,244 
1,985 

97,441 
96,259 

11.19 

2,184 

82,003 

12.54 

2,466 

71,722 
62,087 

16.56 

11.73 

2,172 
2,136 

81,527 

12.73 

2,388 

21.41 

1,748 

90,803 

14.24 

77,421 
74,642 

14.46 

2,328 

61,008 

22.03 

1,639 

88,066 
87,357 

15.53 

2,044 
1,943 

15.65 

2,309 
2,267 

60,158 

22.55 

1,606 

15.89 

72,621 
69,978 

16.52 

57,976 

23.90 

1,158 

84,363 

17.44 

1,940 
1,807 

17.70 

2,233 

48,371 

32.20 

1,120 

79,415 

19.98 

67,722 

18.71 

2,215 

78,642 

20.41 

1,579 
1,435 

66,037 

19.46 

2,128 

75,640 

22.31 

65,485 

19.73 

2,013 

73,357 

23.90 

1,406 
1,369 

62,099 

21.41 

1,799 

61,686 

32.20 

61,009 
57,976 

22.03 

1,639 

23.90 

1,158 

48,371 

32.20 

1,120 

San  Joaquin  Valley  Westside  (ground-water-only) 


35,311 
80,810 
76,691 
67,994 
61,609 


0.00 
4.21 
8.12 
16.51 
22.72 


1,070 
1,052 
1,037 
1,028 
1,024 


77,825 
54,473 
53,623 


0.00 
21.41 
22.32 


1,091 
938 


76,537 
75,227 
54,420 


0.00 
1.26 
21.41 


1,036 
1,033 
880 


Central  San  Joaquin  Valley 


68,583 

0.00 

3,491 

65,277 

.95 

3,269 

40,638 

7.21 

3,056 

37,990 
27,189 

9.35 

2,593 
2,304 

13.51 

21,893 

15.82 

1,751 

18,639 

17.67 

1,355 

18,593 

17.71 

1,177 

18,327 
18,263 

17.93 

1,009 

18.00 

730 

Source:    Calculated  by  authors. 
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TABLE  5 

\bnaUaiiB  In  I^m  Ket  aEturn»-Ovej> Variable  Costs  at  Varying 
Quantities  of  Irrigation  Water;  Four  Sul»reas 


Met  re 

Totals 

turns 
ChanKes 

Irrigati 
Totals 

on  vater 
Changes 

Net  re- 
turns per 
acre -foot 

Met  re 
Totals 

turns 
Changes 

Irrigati 
Ibtals 

on  water 
Changes 

Ket  re-  [ 

turns  per 
acre-foot 
10 

Het  re 

Totals 
11 

bums 

Chanees 

12 

Irrigatio 

Totals 
13 

n  water 

Chanpies 
14 

let  re- 
turns per 
acre-foot 
15 

1 

doll 
A.  1 

2 

ars 

nt^ludes  all 

ac  re- 
al te  ma  tiv 

4 

feet 
«  crops 

dollars 

6 

doll 

7 

ars 

B.  Excl 

acre- 
udes  pota1 

9 

feet 
.oes 

dollars 

dolla 
0. 

rs 

Excludes  po 

a 

tatoes 

ere -feet 

and  sugar  beet 

dollars 

E 

Upper  San  Joaquin  Valley 

0 

65,1*88 
70,T38 
88,859 
90,815 
91,793 
94,227 
97,351 
104,991 
108,336 
111,398 
112,175 
112,320 

0 

65,488 
5,250 
18,121 
1,956 
978 
2,434 
3,124 
7,640 
3,345 
3,062 
777 
145 

0 

676 
773 
1,207 
1,277 
1,322 
1,433 
1,595 
2,035 
2,332 
2,842 
2,985 
3,153 

0 

676 
97 
434 
70 
45 
111 
162 
440 
297 
510 
143 
168 

.00 
96.88 
54.12 
41.75 
27.94 
21.73 
21.93 
19.28 
17.36 
11.26 
6.00 

.86 

0 

65,488 
70,738 
72,694 
73,672 
76,105 
79,230 
86,870 
91,915 
97,733 
97,987 
98,692 
101,244 
102,207 

0 

65,488 
5,250 
1,956 

978 
2,433 
3,125 
7,640 
5,045 
5,818 

254 

705 
2,552 

963 

0 

676 
773 
844 
888 

1,000 

1,162 
1,601 
2,059 
2,591 
2,621 
2,733 
3,154 
3,356 

0 
676 
97 
71 
44 
112 
162 
439 
458 
532 
30 
112 
421 
202 

.00 
96.88 
54.12 
27.55 
22.23 
21.72 
19.29 
17.40 
11.02 
10.94 
8.47 
6.29 
6.06 
4.77 

0 

65,488 
70,738 
72,694 
73,672 
73,755 
79,437 
89,511 
95,133 
95,467 
96,470 
98,413 
99,869 

0 

65,488 
5,250 
1,956 
978 
83 
5,682 
10,074 
5,622 
33"! 
1,003 
1,943 
1,456 

C 

676 
77: 
89; 
88« 
89! 
1,21; 
2,11 
2,63- 
2,67< 
2,83< 
3,15< 
3,46 

> 
> 

r 

0 
676 
97 
70 
45 
4 
327 
894 
524 
42 
157 
320 
307 

.00 

96.88 
54.12 
27.94 
21.73 

20.7? 
17.38 
11.27 
10.73 
7.95 
6.39 
6.07 
4.74 

A. 

Includes  all 

alternati 

re  crops 

B.    Excludes  cantaloups 

C.    Excludes  cantaloups 

and 

sugar  tieets 

San  Joaquin  Valley  Eastslde 

0 

19,060 
63,056 
68,922 
70,681 
81,096 
82,128 
83,546 
90,448 
90,787 
97,550 
99,312 
100,641 

0 

19,060 
43,996 
5,866 
1,759 
10,415 
1,032 
1,418 
6,902 
339 
6,736 
1,762 
1,329 

0 
229 
1,009 
1,125 
1,160 
1,408 
1,443 
1,517 
1,926 
1,950 
2,457 
2,650 
2,807 

0 
229 
780 
116 

35 
248 

35 

74 
409 

24 
507 
193 
157 

.00 

83.23 
56.41 
50.57 
50.26 
41.99 
29.49 
19.16 
16.87 
14.12 
13.34 
9.13 
8.46 

0 

43,995 
49,861 
62,581 
63,842 

72,038 
73,093 
83,082 
87,134 

87,489 

0 

43,995 

5,866 
12,720 
1,261 
8,196 
1,055 
9,989 
4,052 
355 

0 

780 
895 
1,198 

1,240 
1,563 
1,626 
2,374 
2,689 

2,735 

0 
780 
115 
303 

42 
323 

63 
748 
315 

46 

.00 
56.40 
51.01 
41.98 
30.02 
25.37 
16.75 
13.35 
13.34 
7.72 

0 

43,995 
49,861 
62,581 
63,843 
68,867 
83,953 
84,152 

0 

43,995 

5,866 
12,720 
1,262 
5,025 
15,086 
1-99 

781 
89 
1,19 
1,24< 
1,61 
2,74* 
2,76 

D 
5 
5 
3 

D 

6 
6 
2 

0 
780 
115 
P3 
42 
376 

16 

.00 

56.40 
51.01 
41.98 
30.02 
13.36 

13-35 
12.44 

San 

Joaquin  Valley  Westslde  (ground-plus-surface  water) 

0 

60,930 
78,663 
80,228 
84,692 
93,127 
94,041 
101,082 
101,779 
102,330 
102,906 
103,168 
103,290 
103,383 

0 

60,930 
17,733 
1,565 

4,464 
8,435 
914 
7,041 
697 
551 
576 
262 
122 
93 

0 

690 
906 
939 
1,058 
1,369 
1,412 
1,978 
2,037 
2,101 
2,175 
2,209 
2,228 
2,310 

0 
690 
216 
33 
119 
311 
'•3 
566 
59 
64 
74 
34 
19 
82 

.00 

88.30 
82.10 
47.42 
37.51 
27.12 
21.25 
12.44 
11.81 
8.61 
7.78 
7.70 
6.42 
1.13 

0 

60,930 
65,394 
73,829 
74,671 
80,857 
81,290 
83,759 
86,151 
86,481 
87,227 
87,987 
89,225 
89,932 
90,186 
90,299 

0 

60,930 
4,464 
8,435 
842 
6,186 
433 
2,469 
2,392 
330 
746 
760 
1,238 
707 
254 
113 

0 

690 
809 
1,120 
1,158 
1,597 
1,629 
1,832 
2,033 
2,061 
2,131 
2,211 
2,364 

2,458 
2,508 
2,603 

0 

690 
119 
311 
38 
439 
32 
203 
201 
28 
70 
80 
153 
94 
50 
95 

.00 

88.30 
37.51 

27.12 
22.16 
14.09 
13-53 
12.16 
11.90 
11.78 
10.66 
9.50 
8.09 
7.52 
5.08 
1.19 

0 

60,930 
65,394 
73,829 
74,671 
80,857 
81,290 
83,759 
86,151 
86,715 
87,533 
88,470 
89,225 
89,689 
90,067 
90,172 

0 

60,930 
4,464 
6,435 
842 
6,186 
433 
2,469 
2,392 
564 
818 
937 
755 
464 
378 
105 

69 
80 
1,12 
1,15 
1,59 
1,62 
1,83 
2,03 

2,08 
2,16 

2,27 
2,36 
2,42 
2,48 
2,51 

0 
0 

9 

0 

8 
7 
9 
2 
3 
6 
4 
3 
4 
4 

0 

8 

0 

690 
119 
311 

38 
439 

32 
203 
201 
53 
78 
109 
91 
60 
56 
38 

.00 

88.30 
37-51 
27-12 
22.16 
14.09 
13.53 
12.16 
11.90 
10.64 

10.49 
8.60 
8.30 
7.73 

6.75 
2.76 

San  Joaquin 

Valley  Westslde  {ground-water-c 

>nly) 

0 

40,496 
54,993 
57,709 
59,118 
66,677 
67,731 
69,693 

73,884 
74,562 

0 

40,496 

14,497 
2,716 
1,409 
7,559 
1,054 
1,962 
4,191 
678 

0 

459 

635 
676 
699 

821 
843 
889 
988 
1,038 

0 

459 
176 

41 
23 
122 
22 
46 
99 

50 

.00 

88.23 
82.37 

66.24 
61.26 
61.96 
47.91 
42.65 
42.33 
13.56 

0 

40,496 
53,717 
64,805 
65,609 
67,438 

0 

40,496 
13,321 
11,088 
804 
1,829 

0 

459 

662 
878 
937 
1,091 

0 

459 
203 
216 

59 
154 

.00 
88.23 
65.62 
51.33 
13.63 
11.88 

0 

40,496 
53,717 

64,805 
66,595 

0 

40,496 
13,221 
11,088 
1,890 

45 
66 
81 
1,0: 

0 
9 
2 
8 
6 

0 

459 
203 

216 

158 

.00 

88.23 
65.13 
51.33 
11.96 

Central  San  Joaquin  Valley 

0 

30,158 
34,296 
37,416 
46,517 
54,301 
57,696 
61,213 
62,647 
62,655 

0 

30,158 
4,138 

3,120 
9,101 
7,784 
3,395 
3,517 
1,434 
8 

0 

730 
985 
1,179 
1,751 
2,304 
2,593 
3,056 
3,269 
3,491 

0 
730 
255 
194 
572 
553 
289 
463 
213 
222 

.00 

11.31 
16.23 
16.08 
15.91 
14.08 
11.75 
7.60 
6.73 
.04 

Source:     Calculated  by  authors. 
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FIGURE  7 

FARM  NET  RETURNS  AT  VARYING  QUANTITIES  OF  IRRIGATION  WATER;  FOUR  SUBAREAS 


water  use  than  the  comparison  unit  for  Westside  with  only  ground  water  (see 
Figure  7  --  Westside).  1 

Again,  in  this  analysis  when  water  quantities  vary  with  prices  constant, 
analytical  models  including  specialty  crops  as  alternatives  (Systems  A  and  B) 
show  distinctly  higher  earning  capacity.  Farming  System  A  (including  potatoes 
for  Upper  and  cantaloups  for  Eastside  and  Westside)  ranks  the  highest  for  all 
three  models  that  include  specialty  crops  (see  Figure  T).  The  B  System  shows 
little  advantage  over  C  in  total  farm  net  returns  for  Westside,  but  is  definitely 
higher  in  net  returns  for  comparable  water  quantities  in  Upper  and  Eastside. 

Break-even  points  for  the  System  C  model  occur  at  much  smaller  water  quan- 
tities in  Upper  and  Westside  than  for  the  other  two  subareas,  at  85O-875  acre- 
feet  as  compared  with  1,300  in  Eastside  and  1,950  in  Central.    Farming  systems 
in  these  higher  return  subareas  that  include  specialty  crops  among  the  alterna- 
tives show  break-even  points  at  still  lower  quantities  of  irrigation  water  for 
System  A  at  76O  acre-feet  in  Westside,  825  in  l^per,  and  1,025  in  Eastside  (see 
Figure  7  and  Table  5).  ^ 

Net  returns  per  added  foot  of  irrigation  water  are  highest  for  the  early 
water  increments,  but  decline  sharply  with  successive  additions  in  all  subareas 
and  for  all  three  farming  systems  (see  Table  5).    Here  again,  net  returns  per 
acre-foot  for  System  C  are  highest  in  Upper  with  Westside  ranking  next;  East- 
side  follows  at  a  sharply  lower  level,  and  Central  is  at  the  bottom  of  the 
ranking. 

ADJUSTMENTS  TO  CHANGING  WATER  CONDITIONS  VARY  AMONG  SUBAREAS 

Effects  of  Increasing  Water  Qxiantities  on  Crop  Choices  and  Irrigation 

Practices  Vary  among  Subareas 

Data  in  the  previous  section  show  how  total  farm  net  returns-over-variable 
expenses  rise  in  all  subareas  as  water  prices  decline,  or  as  quantities  increase 
with  prices  constant.    The  declines  in  added  net  returns  accompanying  added  wa- 
ter qiaantities  indicate  why  these  total  net  returns  increase  at  a  diminishing 
rate;  additional  value  products  accompanying  each  added  acre-foot  of  water  lessen 
as  total  water  quantities  expand.    Underlying  these  decreases  are  the  variations 
among  crops  in  net  returns -over- variable  expenses.    A  linear  programming  analysis 
based  on  System  C  for  each  of  the  four  analytical  models  determined  that  cotton 


-39- 


offers  the  highest  net  returns-above-variable  expenses  for  initial  water  incre- 
ments (see  Figure  8).    According  to  these  results,  before  allocating  vater  to 
any  other  irrigated  crop,  farmers  can  obtain  the  maximum  potential  total  farm 
net  returns  by  applying  all  available  irrigation  water  to  cotton  on  the  best 
quality  lands  up  to  the  maximiim  200-acre  allotment  in  each  of  the  four  sub- 
areas. 

Results  from  analyzing  these  models  indicate  that  the  several  subareas 
differ  in  optimum  irrigation  treatments  for  cotton,  as  identified  by  maximum 
total  farm  net  returns-over-variable  expenses.    As  available  quantities  increase, 
maximum  returns  to  the  model  for  Upper  accompany  shifts  first  to  medium,  and 
then  to  the  wet  treatment  at  very  early  increments  for  water  supply.    The  Cen- 
tral model,  in  contrast,  shows  highest  net  returns  associated  with  the  dry 
treatment  almost  up  to  the  maximum  for  water  quantities.    At  this  stage,  gains 
result  from  shifting  first  to  medium,  and  then  finally  to  wet  cotton  irriga- 
tion practice  (see  Figiire  8).    Data  for  the  Westside  model  show  maximum  net 
returns  to  the  medium  treatment,  except  that  an  advantage  results  from  shifting 
approximately  one-third  of  the  cotton  acreage  to  the  wet  treatment  at  almost 
the  maximum  total  quantity  of  water  available. 

The  next  crop  to  come  into  the  farming  programs  as  water  qmntities  in- 
crease in  all  four  subareas  is  Blackeye  beans.    This  crop  also  is  under  the  dry 
treatment  in  all  four  subareas  and  on  Grade  I  soil  in  all  subareas  except  Cen- 
tral.   In  the  latter,  operators  can  maximize  total  farm  net  returns  under  condi- 
tions of  this  study  by  using  additional  water  (after  all  allowable  acreage  is 
in  cotton)  to  plant  Biackeye  beans  on  the  Grade  III  soil,  a  loam.    Some  Grade 
II  soil  also  comes  into  the  program  for  the  Central  subarea  model  before  all 
Grade  I  soil  is  used;  beans,  under  medium  irrigation  treatment,  occupy  this 
land. 

Additional  water  quantities  after  the  first  increments  applied  to  cotton 
and  Biackeye  beans  in  all  four  subareas  result  in  three  common  shifts:  First, 
bringing  land  other  than  Grade  I  into  use;  second,  shifting  from  the  drier  to 
the  wetter  irrigation  treatments  for  all  crops;  third,  introducing  alfalfa  into 
the  cropping  programs  (see  Figure  8). 

The  higher  water  costs  in  Westside  and  Upper  explain  the  relatively  large 
number  of  cropping  program  adjustments  in  these  two  subareas  (see  Figure  8).  A 
fairly  large  initial  water  application  is  required  to  irrigate  the  entire  cotton 
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FIGURE  8 


CHANGES  IN  CROP  ACRES  AND  ADDED  NET  RETURNS  PER  ACRE-FOOT  OF  WATER  AT 
VARYING  QUANTITIES  OF  IRRIGATION  WATER;  FOUR  SUBAREAS 


acreage  allotment  (65O  to  about  78O  acre-feet  for  Upper,  Central,  and  Westside  , 
and  900  for  Eastside).    Small  additions  at  the  relatively  high  constant  cost, 
then,  usually  are  adequate  to  cause  changes  in  irrigation  treatments,  crops  se- 
lected, or  acres  allocated.    This  is  less  evident  for  Eastside  for  quantities 
above  approximately  1,650  acre-feet  and  for  the  range  of  increments  between  ap- 
proximately 1,300  and  2,700  acre-feet  in  Upper.    Wet  returns  per  added  acre-foot 
accompanying  changes  in  vater  quantities  show  sharp  decreases  in  magnitude  after 
the  initial  water  increments  (see  Figure  8).    These  changes,  plus  resultant  shifts 
in  irrigation  treatments,  crops  selected,  and  acreage  allocations,  suggest  some 
of  the  general  relationships  that  govern  farmers'  success  in  adjusting  cropping 
programs  to  maximize  total  farm  net  retums-over-variable  expenses  as  water 
quantities  increase.    These  additional  net  returns  per  acre-foot  (marginal  value 
products)  differ  from  those  cited  in  Table  5  in  that  these  data  have  been  ad- 
justed to  eliminate  variable  water  costs.    Thus,  for  Upper  the  average  additional 
net  returns  per  acre-foot  for  the  first  1,676  acre-feet  of  water  is  $96.88  with 
$4.50  per  acre-foot  for  irrigation  water  already  subtracted  in  arriving  at  total 
farm  net  returns.    After  adjusting  for  water  variable  costs,  the  additional  net 
returns  per  acre-foot  is  $101.38  ($96.88  plus  $4.50).    This  adjustment  makes 
additional  net  returns  per  acre-foot  comparable  among  subarea  models;  it  cor- 
rects for  variations  in  water  variable  costs  among  these  subareas.    Data  for  the 
four  models  show  wide  variations  in  additional  net  returns  per  acre-foot  of  added 
irrigation  water  (see  Figure  8).    Initial  values,  ranked  according  to  magnitude, 
are  Upper  $101.00,  Westside  $90.00,  Eastside  $59.00,  and  Central  $43.00.  Ex- 
tremely sharp  reductions  in  additional  net  returns  per  acre-foot  occur  for  water 
increments  after  the  initial  quantity  (applied  entirely  to  cotton)  for  both 
Upper  and  Westside;  the  drop  for  Central  is  sharp  but  of  lesser  magnitude,  that 
for  Eastside  decidedly  smaller.    Relatively  sharp  drops  occur  for  this  model  at 
about  1,200  and  1,250  acre-feet;  drops  for  the  other  three  models  are  relatively 
slight  at  each  of  the  successive  water  increments  (see  Figure  8). 

Several  interrelated  factors  explain  the  variations  among  subarea  models 
in  total  farm  net  returns,  crop  choices,  and  acreage  allocations  among  crops. 
The  basic  criterion  for  identifying  and  comparing  solutions  in  this  analysis  is 
maximum  total  farm  net  returns-over-variable  expenses  iinder  each  set  of  condi- 
tions.   Absolute  and  relative  net  returns  per  acre  for  individual  crop-soil- 
irrigation  treatment  combinations,  in  turn,  are  critical  factors  affecting  total 
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farm  net  returns.^  Several  important  factors  and  forces  govern  these  net  re- 
turns per  acre;  water  requirements  per  acre,  water  prices  (variable  costs),  other 
input  costs,  yields,  and  product  selling  prices. 

The  widest  range  of  variation  among  the  subarea  models  in  additional  net 
returns  per  acre-foot  is  for  the  initial  increments  of  irrigation  water  allocated 
entirely  to  cotton.    These  variations  reflect  primarily  the  differences  in  cotton 
yields  among  subareas,  although  other  less  critical  factors  have  some  bearing. 
Much  less  variation  exists  among  subareas  in  the  magnitude  of  net  returns  per 
acre-foot  accompanying  later  irrigation  water  increments  (see  Figure  8). 

V/ater  Costs  Strongly  Influence  Cropping  Programs  in  all  Subareas 

A  linear  programming  analysis  in  which  water  prices  (variable  costs)  vary 
from  zero  to  $32  per  acre-foot  shows  that  important  adjustments  in  cropping  pro- 
grams and  water  use  for  analytical  models  accompany  such  variations  in  all  sub- 
areas  (see  Figure  9).    The  general  adjustment  pattern  to  maximize  total  farm 
net  retums-over-variable  expenses  is  quite  similar  among  the  four  subareas. 
Farm  operators  idle  all  land  except  that  in  cotton  at  a  much  lower  water  price 
(approximately  $l8  per  acre-foot)  in  Central  than  in  any  other  subarea;  in 
general,  a  sharper  reduction  in  water  use  accompanies  one  dollar  increase  in 
water  variable  cost  for  this  subarea  as  compared  with  the  other  three.  Two 
subareas,  Upper  and  Eastside,  show  extremely  sharp  reductions  in  water  use  as 
continuing  rises  bring  prices  to  the  $15-$l6  range  (approximately  50  percent 
reduction  in  each  instance)  as  compared  with  quantities  used  at  zero  prices. 

Data  on  crop  choices  and  acreages  according  to  soils  and  irrigation  treat- 
ments indicate  a  common  pattern  in  all  subareas  for  shifts  through  five  cropping 
plans  in  Upper  and  Westside  and  four  in  Eastside  and  Central.    In  the  cropping 
plan  at  the  lowest  water  variable  cost  (Plan  l)  for  each  subarea,  crops  occupy 
all  tillable  land,  and  the  combination  of  crops  and  irrigation  treatments  utilizes 
the  largest  quantity  of  water  in  the  total  water  price  range  (see  Figure  9). 
Upper  and  Central  models  include  only  cotton  and  alfalfa,  with  the  cotton  irrigated 

i/    Net  returns  per  crop  acre  as  used  in  this  analysis  do  consider  variable 
water  costs,  in  contrast  to  the  adjusted  marginal  value  products,  which  latter 
values,  as  already  explained,  do  not.    Thus,  differences  in  water  costs  among 
subareas  affect  net  returns  per  acre  and  cropping  programs,  although  variations 
among  subareas  in  average  marginal  value  products  have  been  eliminated  by  the 
adjustment  for  water  price  differential. 
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FIGURE  9 


OPTIMUM  CROPPING  PLANS  FOR  CRITICAL  RANGES  OF  IRRIGATION  WATER 
VARIABLE  COSTS;  FOUR  SUBAREAS 
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FIGURE  9  CONTINUED 
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under  the  wettest  treatment,  while  Eastside  includes  Blackeye  beans  and  West- 
side  --  heans,  barley-grain  sorghum  double -cropped,  and  barley. 

The  sequential  order  for  adjustments  to  increasing  water  costs  that  occur  among 
these  plans  is  quite  similar  in  each  of  the  four  subareas: 

1.  Alfalfa  acreage  declines  as  that  in  Blackeye  beans,  a  lower  water-use 
crop,  increases; 

2.  Alfalfa  and/or  cotton  receives  a  drier  treatment  (2  or  l)  instead  of 
the  wet  treatment  (k); 

3.  A  portion  of  the  land  remains  idle;  and 

k.    Still  more  land  is  idled,  including  even  that  portion  of  the  Grade  I 
soil  that  exceeds  cotton  acreage  allotments. 

One  further  adjustment,  in  addition  to  these  four,  may  be  forced  on  far- 
mers facing  still  higher  water  prices,  or  other  drastically  unfavorable  condi- 
tions --  to  cease  farming  and  go  out  of  business.    Most  growers  accept  this 
final  adjustment  only  under  the  most  adverse  conditions.    They  may,  for  a  time, 
accept  zero  returns  for  management  and  below-market  rates  of  return  for  capital, 
sometimes  actual  capital  losses,  rather  than  quit  farming. 

A  combination  of  soil  q\iality  variations  and  differences  among  crops  in 
net  returns  per  acre  largely  explains  the  variations  among  subareas  in  reduced 
water  use  (and  associated  cropping  program  adjustments)  that  accompany  increased 
water  variable  costs.    Thus,  approximately  $l6  per  acre-foot  is  the  highest  price 
under  cost  and  price  relationships  in  this  study  at  which  alfalfa  will  return 
enough  in  gross  receipts  to  cover  water  costs  on  the  low  grade  soils  in  all  sub- 
areas.    Land  in  this  crop,  therefore,  goes  out  of  production  in  all  subareas 
except  Westside  at  about  $l6  per  acre-foot:    Only  91  acres  of  alfalfa  appear 
under  Plan  3  in  Westside;  it  is  on  Grade  I  soil  and  receives  a  mixed  irrigation 
treatment.    Blackeye  beans,  a  low  water- use  crop,  still  remains  in  cropping 
plans  at  the  highest  water  price  examined  for  all  subareas  except  Central.  In 
this  latter  subarea,  all  land  not  in  cotton  is  idle  at  approximately  $l8  per 
acre-foot,  a  relatively  low  water  variable  cost  in  comparison  with  those  per- 
mitting beans  to  be  produced  in  other  subareas. 

These  data  for  farming  System  G  (excluding  specialty  crops  and  sugar  beets) 
in  all  subareas,  indicate  that  farmers  seeking  maximum  net  returns  have  no 
economic  alternative  to  reducing  water  use  sharply  at  prices  higher  than  $l6 
per  acre-foot.    Under  conditions  of  this  study  cotton  is  the  only  relatively 
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high  net  return  crop  among  their  alternatives,  and  government  regulations  limit 
acreage  and  production  for  this  one.    A  similar  analysis  including  sugar  beets 
(a  T2-acre  proportionate  share)  for  System  B  on  the  Eastside  shows  l8l  acres  of 
(Grade  II )  soil  idle  at  the  upper  extreme  for  water  variable  costs  ranging  from 
Jji26-$30  per  acre-foot.^    Other  than  cotton,  only  Blackeye  beans  could  cover 
costs  with  water  variable  costs  at  $25-$28  per  acre-foot.    Similar  results 
could  be  expected  from  a  similar  analysis  for  the  other  three  subareas.  The 
ability  of  cotton-general  crop  farmers  in  all  subareas  to  use  profitably  appre- 
ciable quantities  of  water  beyond  those  required  for  cotton  evidently  rests  up- 
on being  able  to  grow  specialty  crops  yielding  relatively  high  net  returns  per 
acre. 

Subareas  Vary  in  Quantities  of  Water  Used  at  Specified  Prices; 
All  Reduce  Use  as  Prices  Increase 

—  I 

A  linear  programming  analysis  in  which  prices  vary  from  zero  to  approximately 
$32  per  acre-foot  indicates  that  optimum  solutions  for  each  of  these  farm  models 
would  come  at  progressively  fewer  acre-feet  of  water  used,  as  water  prices  rise. 
Among  the  four  analytical  models,  Central  and  Upper  indicate  the  highest  quanti- 
ties of  water  used  at  zero  prices  according  to  conditions  of  this  study  (approxi- 
mately 3,500  acre-feet  for  System  C  (see  Figure  lO)). 

This  analysis  includes  System  C  in  Central  and  all  three  systems  (A,  B, 
and  C)  in  the  other  three  subareas.    It  includes  data  for  both  ground  and  ground- 
plus-surface  water  sources  in  Westside.    The  "bench"  effect  observed  in  the 
preceding  section  at  about  $15-$l6  per  acre-foot  shows  again  in  this  analysis 
for  Upper  and  Eastside,  and  to  some  extent  in  Central.    A  similar  sharp  decrease 
in  water  use  accompanying  a  price  increase  is  evident  at  prices  between  $22-ip24 
per  acre-foot  for  V/estside  (see  Figure  10  --  Westside). 

Potatoes  and  sugar  beets  in  Upper,  and  cantaloups  and  sugar  beets  on  the 
Eastside  tend  to  minimize  the  bench  effect  already  noted  for  System  C  (see 
Figure  lO).    These  relatively  high  return  crops  that  can  remain  in  production 
as  water  prices  rise  above  the  $l6  level  occupy  land  that  otherwise  would  be- 
come idle  when  high  water  prices  eliminate  alfalfa.    This  effect  is  less  evident 


1/  Hedges  and  I^toore,  Economics  of  On-Farm  ....  1.  Enterprise  Choices. 
Resource  .  .  .     ,  p.  5^' 


FIGURE  10 

SHORT-RUN  FARM  DEMAND  FOR  IRRIGATION  WATER;  FOUR  SUBAREAS 
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for  Westside,  as  might  "be  expected  from  the  previous  section,  hut  is  recognizahie 
for  this  subarea  in  System  A.    Changes  in  water  quantities  in  response  to  price 
rises  are  relatively  minor  for  ground- water- only  conditions  on  the  West side; 
this  is  "because  water  quantities  at  the  minimum  price  allow  little  margin  above 
the  amounts  required  by  the  cotton  acreage  allotment. 

FARM  PROFIT  DIFFERENTIALS  AMONG  SUBAREAS  COVER  A  WIDE  RANGE 

A  comparison  among  subareas  in  total  farm  profits  and  other  earnings  meas- 
ures affords  a  useful  indication  of  the  economic  differences  among  the  four 
analytical  models  under  conditions  of  this  study.    This  is  true  even  though  such 
a  comparison  must  depend  in  considerable  degree  upon  estimates  and  imputed  data. 
We  use  the  System  C  model  and  typical  water  variable  costs  in  each  subarea  to 
calculate  profits.    The  first  step  is  to  subtract  total  farm  fixed  costs  from 
net  returns-over-variable  expenses  at  the  optimum  solution  for  each  of  these 
four  models  at  the  estimated  typical  water  prices  for  the  various  subareas  (Upper 
$l+.50,  Eastside  $3.00,  Westside  $9-50,  and  Central  $1.75)-    The  resulting  value 
for  net  returns-over- fixed  costs  plus  variable  expenses  ranges  from  $i4-,630.00 
for  Westside,  ground  water-only,  to  $26,580.00  for  the  model  representing  the 
Upper  San  Joaquin  Valley  (see  Table  6).    It  is  necessary,  second,  to  adjust  this 
net  figure  in  order  to  calculate  standard  farm  earnings  measures.    This  step 
involves  adding  back  to  the  net  returns  data  the  amounts  previously  deducted  for 
the  value  of  the  operator's  own  work  in  the  field  ($1,800.00  in  each  model),  and 
for  interest  on  capital  invested  in  the  farm  plant. 

NET  FARM  INCOME,  determined  by  the  previous  step,  is  a  standard  farm  earn- 
ings measure,  but  it  has  limited  usefulness' because  it  combines  one  return  pro- 
perly belonging  to  the  operator  for  his  own  labor,  another  representing  the 
reward  for  his  management,  and  still  a  third  representing  interest  on  the  capital 
invested  in  the  farmland,  improvements,  and  equipment.    This  net  farm  income 
measure  also  was  highest  for  Upper  ($66,UI+0)  in  this  study,  and  least  for  Cen- 
tral ($36,Ti^O).    Little  difference  is  evident  between  the  other  two  models  (see 
Table  6). 

Total  PROFIT,  or  capital  and  management  income,  to  the  entire  farm  business 
results  from  step  three,  subtracting  an  allowance  for  the  operator's  full  time 
(imputed  at  the  going  rate  for  hired  labor)  from  net  farm  income.    This  value 
for  Upper  ($62,81+0  is  almost  double  that  for  Central  ($33,l'^0);  the  other  two 
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TABLE  6 


Farm  Profits  (Capital  and  Management  Income);  640-Acre  Farm 
in  Four  Subareas,  1956- I96O  Conditions 


Westside 

Item 

Upper 

Eastside 

Ground- 
water- only 

Ground- plus - 
surface  water 

Central  

1 

2 

3 

4 

dollars 

TOTAL  FARM  CAPITAIr^ 

Gross  receipts  less  variable 

expenses  b/ 
All  fixed  costs 

634,293 

99  750 
73.169 

505,885 
64.000 

566,717 

op, 995 
61.364 

566,717 

85 , 200 
67.124 

381,072 

61,105 
49.031 

NET  RETURNS  OVER  FIXED  COSTS 

26,581 

19,250 

4,631 

18,076 

12,074 

Add  / 
Value  operator's  workr' 
Interest  on  capital  d/ 

1,800 
38,058 

1,800 

30.353 

1,800 
34.003 

1,800 
34.003 

1,800 
22.864 

NET  FARM  INCOME 

66,439 

51,403 

40,434 

53,879 

36,738 

Subtract  / 
Operator's  wage^ 
PROFIT  (return  to  capital 

and  management) 
Interest  on  farm  capital 

at  6  percent 

3.600 

62,839 
38,058 

3.600 
47,803 
30,353 

3.600 
36,834 
34,003 

3.600 
50,279 
34,003 

3.600 
33,138 
22,864 

MANAGEMENT  INCOME 
RATE  EARNED  (percent) 

24,781 

9.91 

17,450 

9.45 

2,831 
6.50 

16,276 

8.87 

10,274 

8.69 

Sources:    a/    See  Table  1. 

b/    Net  returns-over-variable  costs  at  typical  water  variable  costs  per  acre-foot 
calculated  by  the  authors  (see  Table  4  and  Figure  6).  ' 
c/    Imputed  by  authors, 
d/    See  Table  2. 
e/    Imputed  by  authors. 
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subareas  rank  in  between,  with  the  return  to  Westside,  ground  water-only,  dis- 
tinctly the  lowest  of  the  three  profit  values  calculated  for  these  subareas. 

Another  measure,  MAMGEMEMT  INCOME],  results  from  subtracting  interest  on 
farm  capital  investments  at  the  going  rate  of  interest  (assumed  to  be   6  per- 
cent in  these  calculations)  from  profits.    Inasmuch  as  average  total  farm  invest- 
ments vary  markedly  among  the  four  subareas,  so  also  do  the  imputed  values  for 
interest  and  those  for  management  income  obtained  by  subtracting  the  interest 
on  investments.    Upper,  with  $24,780  for  management  income,  shows  by  this  meas- 
ure more  than  eight  times  as  high  earnings  as  West side,  ground  water-only,  and 
more  than  double  those  of  Central  (see  Table  6).    Eastside  and  Westside  with 
both  ground  and  surface  water  available  compare  more  closely  than  any  of  the 
other  management  income  values. 

These  earnings  comparisons  underscore  the  important  differences  already 
discovered  among  the  several  subareas.    They  indicate  a  close  interplay  of  in- 
come effects  on  the  farms  involved  between  physical  productivity  (as  governed 
by  soil  quality,  quantities  of  water,  and  other  resources)  and  water  costs. 
Upper  has  the  most  productive  soil  resources  as  these  four  models  are  synthe- 
sized, all  being  of  Grade  I,  but  has  the  second  highest  variable  cost  for  irri- 
gation water.    The  high  soil  productivity,  plus  adequate  quantities  of  water, 
permit  high  yields  for  cotton,  in  particular,  and  for  the  supplementary  crops 
in  the  C  System.    These  advantages  explain  the  first  rank  status  of  the  model 
for  Uppsr  in  every  earnings  measure  used  here.    Water  costs,  although  second 
only  to  Westside,  do  not  prevent  this  favorable  earnings  ranking. 

The  model  for  Central,  the  lowest  ranking  subarea  according  to  earnings, 
is  not  able  to  capitalize  on  its  extremely  low  water  variable  cost  level,  due 
to  less  favorable  production  opportunities.    Soils  include  Grades  I,  II,  and 
III,  and  marginal  climatic  characteristics  also  limit  cotton  yields;  other  crops 
fail  to  offset  this  handicap. 

The  critical  importance  of  adequate  supplies  of  irrigation  water  is  evi- 
dent from  the  low  earnings  performance  of  the  Westside  model  based  on  ground 
water-only,  although  high  variable  costs  for  water  also  contribute  to  these 
unfavorable  returns.    The  most  specific  evidence  of  how  relatively  high  water 
costs  react  upon  earnings  is  available  from  comparing  the  earnings  for  Eastside 
and  Westside  ground-plus- surface  water.    In  spite  of  the  relatively  more  favor- 
able soil  resources  and  higher  cotton  yields  in  Westside,  no  sharp  differences 
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appear  in  the  earnings  measures  used  here.    Somewhat  higher  values  for  net  farm 
income  and  profit  are  associated  with  lower  management  income  in  the  Westside 
due  to  higher  investments  and  interest  on  investments  in  this  subarea. 

Ivo  other  points  are  important  in  these  earnings  comparisons.    First,  more 
complete  information  regarding  how  variations  in  quantities  of  water  available, 
and  in  the  variable  costs  for  irrigation  water,  affect  farm  returns  performance 
appears  in  the  earlier  sections  of  this  report.    These  data,  due  to  the  analyt- 
ical approach,  do  not  identify  associated  changes  in  profits  and  other  earnings 
measures.    Second,  the  earnings  comparison  presented  here  is  for  the  System  C 
model,  only,  in  each  subarea,  and  does  not  reveal  how  including  the  specialty 
crops  in  Systems  A  and  B  models  would  affect  earnings.    This  limitation  is  un- 
avoidable if  all  four  subareas  are  to  be  included  in  the  comparison,  inasmuch 
as  Central  includes  only  the  System  C  model. 

A  word  of  caution  is  appropriate  regarding  interpreting  and  using  the  data 
for  total  farm  investments,  and  how  these  data  relate  to  profits.    Much  of  the 
dollar  total  for  farm  investments  and  annual  fixed  costs  in  each  of  the  sub- 
areas  represents  land  values.    To  the  extent  that  the  actioal  land  values  per 
acre  in  any  subarea  at  any  time  differ  from  these  estimates,  therefore,  any  in- 
terpretations based  upon  the  valmtions  appearing  here  for  land  values  per  acre 
and  for  total  farm  investments  can  be  highly  misleading.    We  do  not  claim  that 
these  valuations  precisely  reflect  land  market  conditions  even  at  the  time  of 
the  study.    On  the  contrary,  we  know  that  actual  land  transfers  at  definitely 
higher  prices  occurred  in  all  subareas  during  the  time  that  interviews  were  in 
progress.    We  do  recommend  these  total  farm  investment  data,  however,  as  a 
reasonably  adequate  indication  of  the  variations  among  subareas  in  farm  capital 
requirements.    This  is  not  to  say  that  the  land  values  and  other  estimates  for 
property  -valuations  reflect  precisely  even  the  variations  among  subareas  in 
farm  investments,  but,  rather,  that  the  range  of  error  is  acceptable  for  the 
purpose  of  making  comparisons  among  these  subareas.    Thus,  the  land  values  and 
other  estimates  for  property  investments  are  useful  for  relative  comparisons, 
but  not  as  indicators  of  absolute  values.    This  same  principle  holds  for  inter- 
preting the  meaning  of  the  profits  and  other  earnings  measures  based  upon  these 
estimates;  they  are  not  reliable  as  measures  of  absolute  earnings  levels,  but 
only  of  the  relative  levels  among  subareas. 

Specialty  crops  also  offer  profit  opportunities  (in  many  instances  compar- 
able with  cotton  on  a  per-acre  basis)  to  the  farmer  who  is  in  the  position  to 
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produce  them.    But  the  opportunity  for  expansion  in  such  crops  appears  limited 
to  associated  changes  in  population  and  the  market,  according  to  other  economic 
analyses.    We  see  no  evidence  in  our  investigations,  therefore,  that  the  over- 
all relationships  indicated  by  this  study  are  likely  to  shift  materially  in 
the  immediate  future,  assuming  no  important  changes  in  the  general  economy  and 
price  level.    Adequate  supplies  of  irrigation  water  at  variable  costs  not  ex- 
ceeding $12- $15  per  acre- foot  will  continue  to  be  essential  for  640-acre  cotton- 
general  crop  farms  to  operate  profitably  in  the  San  Joaq\iin  Valley.    Other  re- 
ports in  this  series  include  evidence  indicating  that  smaller  farms  require 
even  lower  variable  water  cost  levels  for  profitable  operation. 

feder/Uj  income  supports  and  production  controls  limit 

COTTON  OUTPUT;  AFFECT  EARNINGS 

Cotton  Price  Supports  and  Acreage  Allotments  Dominate  Decisions 

A  choice  between  Plans  A  and  B  was  available  to  growers  under  the  Agricul- 
tural Stabilization  and  Conservation  Act  in  1959  and  196O.    Except  for  those 
years,  from  195^1  to  1964,  California  cotton  producers  could  expect  approximately 
33  cents  per  pound  from  their  cotton,  assuming  average  quality.    But,  as  a  con- 
dition for  this  supported  price,  those  operating  640-acre  farms  such  as  the  mo- 
dels analyzed  here  were  limited  to  about  200  acres  of  cotton  (of  602  acres  till- 
able land).    It  is  important,  in  light  of  the  marked  earnings  superiority  that 
cotton  displays  over  all  other  alternative  (except  specialty)  crops,  to  examine 
what  might  be  the  result  from  eliminating  income  supports  and  acreage  allotments. 

For  several  years  the  United  States  Government  has  subsidized  commercial 
cotton  exports  at  rates  varying  from  8.5  cents  per  poimd  of  lint  during  the  1961- 
1962  through  1963-19614-  (1  August  through  3I  July)  marketing  seasons  to  5.T5  announced 
initially  for  1965-1966.    More  recently,  under  legislation  passed  on  11  April  196k, 
the  Government  also  pays  6.5  cents  per  poiind  of  lint  as  a  subsidy  on  cotton  used 
in  domestic  mills         It  can  be  assumed  that  prices  paid  farmers  for  cotton  lint 
would  drop  sharply  from  the  33  cents  per  pound  of  lint  used  in  this  study  if 
price  supports,  including  related  subsidies  to  foreign  and  domestic  users,  were 
no  longer  available.    The  results  we  present  here  in  earlier  sections  suggest 


i/  Cotton  Situation.  Econ.  Res.  Ser.,  U.S.  Department  of  Agriculture, 
CS-2i2,  my  L96h,  page  k,  CS-21T,  March  I965,  page  k,  and  earlier  issues. 
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that  farmers  can  obtain  higher  earnings  from  cotton  than  from  other  crops  at 
definitely  reduced  cotton  prices.    If  true,  this  indicates  a  cotton  earnings 
advantage  strongly  supporting  the  validity  of  the  above  assumption.    Still  more 
direct  evidence  exists  in  the  records  of  farmer  cotton  decisions  and  production 
in  California  and  other  western  states  under  the  Plan  A  -  B  program. 

Under  Plan  B  growers  were  entitled  to  plant  acreages  exceeding  their  allot- 
ments by  up  to  40  percent  under  the  condition  that  their  cotton  price  support 
level  would  be  reduced  15  percentage  points  of  parity  from  that  applying  to  Plan 
A  (with  regular  acreage  allotments).    California  growers  increased  plantings  by 
an  additional  l80,000  acres  over  the  aggregate  state  base  in  1959  and  by  239,000 
acres  in  i960  under  the  Plan  B  conditions;  they  and  other  western  growers  ac- 
counted for  232,000  acres  in  1959  and  348,000  acres  in  1960,in  comparison  with 
total  national  increases  of  1,108,000  acres  in  I959  and  1,218,000  acres  in  ISGoM 

Thus  in  California  and  other  western  states  important  acreage  increases 
permitted  under  reduced  price  support,  as  compared  with  regular  allotments  at 
the  higher  price  support  levels,  brought  markedly  higher  cotton  production  during 
the  1959  and  i960  seasons. 

A  linear  programming  analysis  in  which  cotton  lint  prices  vary  from  zero 
to  approximately  42  cents  per  pound  provides  useful  indications  of  what  changes 
in  cotton  lint  production  might  occur  if  cotton  lint  prices  were  not  supported, 
and  if  farmers  were  free  to  make  decisions  without  acreage  restrictions.  The 
results  of  this  analysis  are  available  for  all  three  cropping  systems  (A,  B,  and 
C)  tested  in  three  of  the  four  subareas,  and  also  for  the  ground- water-only  con- 
ditions in  Westside  (see  Figure  11 ).    This  analysis  is  within  the  same  framework, 
except  for  free  market  conditions  on  cotton,  as  the  earlier  analyses  in  this  re- 
port; water  prices  (variable  costs),  constant  in  each  subarea  at  the  predeter- 
mined levels  indicated  earlier,  vary  among  them.    Cotton  comes  into  the  farming 
program  in  this  analysis  when  two  conditions  are  satisfied;  first,  it  must  show 
positive  net  returns  per  acre,  second,  these  returns  must  be  higher  than  those 
available  from  other  alternative  crops. 


i/    The  Cotton  Situation.  U.S.  Department  of  Agriculture,  A. M.S.,  tky  1959 
and  i960.    See  also,  Caton,  Doi^glas  D.,  and  Trimble  R.  Hedges,  An  Evaluation 
of  Allotment  Plans  A  and  B  on  California  Cotton  Farms  in  1959.  Berkeley:  Uni- 
versity of  California,  Agricultural  Experiment  Station,  Gianninl  Foundation  of 
Agricultural  Economics  Mimeo.  Report  No.  215,  February  1959. 
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FIGURE  11 

COTTON  PRODUCTION  AT  VARYING  LINT  PRICES;  FOUR  SUBAREAS 
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Indications  are  that  cotton  would  displace  other  crops,  and  come  into  the 
cropping  system,  at  prices  less  than  20.0  cents  per  pound  of  lint  for  all  sub- 
areas  except  Central,  and  at  25. 1  cents  per  pound  in  this  subarea.    In  contrast 
to  Central,  operators  should  begin  allocating  land  to  cotton  when  the  lint  price 
reaches  11.2  and  11.6  cents  per  pound,  respectively,  for  C  and  B  systems  for 
the  San  Joaquin  Valley  Westside  (ground-plus-surface  water  unit)  and  at  prices 
of  13.4-13.6  cents  for  the  A  system  on  the  Westside  and  all  three  systems 
in  Upper.    Lint  prices  of  I8. 0-18.4  cents  would  bring  cotton  into  the  crop- 
ping programs  in  the  San  Joaquin  Valley  Eastside  (see  Figure  11  and  Table  7). 
Once  lint  prices  rise  to  the  point  that  cotton  is  able  to  displace  other  crops 
in  the  farming  programs,  a  relatively  small  additional  price  gain  causes  siz- 
able acreage  shifts  from  other  crops  into  cotton,  and  sharp  increases  in  lint 
production. 

Except  for  Central,  these  shifts  bring  practically  all  Grade  I  soil  into 
cotton  production  at  prices  of  20.0  cents,  or  slightly  higher,  per  pound  of  lint 
in  order  to  maximize  net  farm  returns.    The  A  and  B  systems  require  slightly 
higher  lint  prices  to  displace  specialty  crops  in  favor  of  cotton.    Even  in  Cen- 
tral a  gain  of  only  1.1  cents  per  pound  from  the  25.1  cent  price  at  which  cotton 
enters  the  cropping  program  causes  production  to  increase  from  516-825  bales 
(see  I'able  7).    Further  cotton  lint  price  rises  beyond  20.0-22.0  cents  per 
pound  have  little  effect  toward  increasing  cotton  production  on  any  of  these 
models  except  the  one  for  Central.    This  is  because  earlier  price  gains  up  to 
the  22.0  cent  level  are  adequate  to  cause  most  of  the  available  acreage  to  be 
shifted. 

The  Upper  San  Joaquin  Valley  model  shows  the  greatest  total  cotton  produc- 
tion in  tills  analysis,  about  1,730  bales  as  compared  with  approximately  1,000 
for  each  of  the  other  subareas  (except  6OO  for  V/estside,  ground -water-only  con- 
ditions).   The  greater  cotton  production  response  in  Upper  reflects  the  fact 
that  ail  soil  is  classed  as  Grade  I  in  this  model. 

The  approach  used  in  this  analysis  does  not  attempt  to  measiire  or  evaluate 
several  factors  that  would  operate  if  the  Government  actually  were  ^o  end  price 
supports  and  acreage  restrictions  for  cotton.  One  such  excluded  factor  that 
could  exert  considerable  influence  is  accompanying  changes  in  acreages  and  pro- 
duction of  alternative  crops,  such  as  alfalfa  hay,  and  the  related  impacts  that 
such  shifts  could  have  on  relative  prices  for  the  products  and  on  their 
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TABLE  T 


Cotton  Lint  Production  at  Varying  Prices;  Four 
Subareas  (500-pound  gross-weight  'bales) 


Net  Returns 


Price 


Production 


Met  Returns 


Price 


Production 


Met  Returns 


Price 


Production 


dollars 


bales 


dollars 


bales 


dollars 


A.    Includes  All  Alternative  Crops 


B.    Excludes  Potatoes 


C.    Excludes  Potatoes  and  Sugar  Beets 


Upper  San  Joaquin  Valley 


54,668 
54,668 
54,979 
55,976 
68,358 
93,157 
94,744 
212,096 


.000 
.134 
.136 
.140 
.161 
.195 
.197 
.333 


000 

259 
502 
1,218 
1,432 
1,566 
1,728 
1,730 


45,090 
45,090 
45,122 

46, 181 
46,747 
46,982 
60,304 
61,308 
211,679 


.000 

.136 
.137 

.140 
.141 
.142 
.158 
.160 
.333 


000 

265 
497 
1,179 

1,423 
1,575 
1,626 
1,736 
1,736 


42,198 
42,198 
42,332 
42,542 
43,705 
44,006 
44,782 
78,456 
211,028 


.000 

000 

.136 

497 

.136 

666 

.137 

711 

.140 

1,319 
1,615 

.140 

.141 

1,728 

.180 

1,735 
1,736 

.333 

Includes  All  Alternative  Crops 


B.    Excludes  Cantaloups 


C.    Excludes  Cantaloups  and  Sugar  Beets 


San  Joaquin  Valley  Eastside 


65,989 
65,989 
66,916 
73,593 
75,183 
75,372 
76,829 
77,445 
86,695 
109,917 
127,763 
159,865 


.000 

000 

51,973 

.184 

478 

51,973 
52,047 

.188 

593 

.211 

680 

52,171 

.215 

787 

60,616 

.216 

800 

73,944 
97,783 

.219 

801 

.221 

825 

98,385 

.243 

856 

99,470 

.298 

866 

105,158 

.339 

882 

114,551 
121,754 

.412 

899 

.000 

000 

48,915 

.180 

4 

48,915 
49,402 

.183 

332 

.184 

712 

49,876 

.208 

807 

57,572 
58,150 

.240 

823 

.298 

829 

63,650 

.300 

856 

98,351* 

.302 

864 

102,151 

.315 

867 

111,090 
138,995 

.337 

881 

.353 

885 

.000 

000 

.180 

420 

.183 

564 

.184 

730 

.205 

731 

.207 

800 

.221 

818 

.306 

853 

.314 

892 

.331* 

893 

.397 

894 

San  Joaquin  Valley  Westside  (Ground-plus-surface  water) 


48,961 
48,961 
48,963 
49,016 
49,656 
50,081 
50,292 
51,251 
57,985 
58,764 
66,443 
66,494 
67,029 
69,282 
69,882 
71,485 
112,942 
134,488 


.000 

000 

.135 

2 

.138 

31* 

.141 

177 

.148 

272 

.151 

331 

.152 

457 

.156 

554 

.180 

578 

.183 

593 

.208 

670 

.209 

745 

.210 

823 

.216 

872 

.217 

949 

.220 

975 

.305 

984 

.31*9 

990 

3i+,550 
34,550 
34,615 
34,633 
34,841 
35,695 
35,716 
36,492 
36,685 
37,058 
38,337 
38,673 
40,420 

42,135 
45,072 
97,117 


.000 

000 

32,747 

.000 

.116 

8 

32,747 

.112 

.123 

34 

32,753 

.115 

.124 

94 

33,108 
33,289 

.126 

.128 

129 

.130 

.141 

284 

33,870 

.140 

.142 

308 

34,905 

.145 

.147 

320 

35,511 

.146 

.148 

604 

37,028 
37,389 

.151 

.149 

787 

.152 

.152 

815 

42,858 
43,433 

.164 

.153 

845 

.165 

.157 

891 

67,422 

.215 

.161 

960 

88,032 
105,676 

.256 

.167 

977 

.294 

.274 

984 

130,027 

.344 

San  Joaquin  Valley  Westside  ( Ground- water-only ) 


35,540 
35,540 
35,732 
36,214 
36,646 
36,879 
47,810 
48,500 
51,829 
56,847 
67,008 


.000 

000 

.158 

136 

.160 

152 

.167 

171 

.171 

272 

.173 

347 

.234 

363 

.238 

521 

.251 

566 

.268 

576 

.304 

578 

20,516 
20,516 
20,621 
20,818 
21,586 
22,298 
30,650 
31,576 
36,761 
36,868 


.000 

000 

19,841 

.000 

.145 

24 

19,841 

.140 

.152 

165 

19,910 

.145 

.155 

218 

20,957 
21,813 

.156 

.161 

271 

.165 

.167 

455 

23,962 

.178 

.201 

479 

24,461 

.181 

.204 

576 

24,939 
29,659 

.184 

.223 

577 

.201 

.230 

578 

58,163 

.300 

Central  San  Joaquin  Valley 


49,073 
49,073 
52,008 
86,737 
121,198 
123,076 


.000 
.251 
.262 
.347 
.420 
.424 
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contributions  to  total  farm  earnings.    As  we  point  out  above,  differences  in 
soils  among  subarea  models  are  highly  important  in  explaining  production  varia- 
tions among  them  under  free  market  conditions.    In  addition  to  soil  factors, 
water  conditions  also  may  operate  as  a  limiting  factor  in  these  adjustments  to 
rising  cotton  prices.    This  is  because  the  analytical  framework  for  the  study 
reflects  a  short-term  situation.    All  shifts,  therefore,  must  come  within  the 
fixed  resource  complement  for  each  of  the  subarea  models;  time  is  not  available 
to  drill  more  wells  or  otherwise  improve  resource  conditions. 

A  further  point  is  important  here;  this  analysis  disregards  enterprise 
interrelationships  and  other  intrafarm  limitations  on  continually  expanding 
cotton  acreage,  such  as  declining  yields  per  acre.    Quite  possibly,  under  such 
acreage  shifts  as  indicated  here,  some  of  these  forces  might  either  interfere 
at  some  point  with  continued  shifts  from  other  crops  to  cotton,  or  cause  cotton 
yield  declines  of  such  magnitude  as  to  discourage  additional  shifts. 

This  analysis,  subject  to  the  indicated  limitations,  indicates  that  cotton 
production  on  640-acre  farms  similar  to  these  models  quite  possibly  would  be 
markedly  higher  in  all  four  subareas  if  acreage  restrictions  were  removed,  even 
at  the  decidedly  lower  prices  that  probably  would  prevail  in  the  absence  of  re- 
straints on  production.    Thus  actual  production  for  the  model  in  Upper  San  Joa- 
quin Valley,  as  specified  in  this  study  under  existing  Government  price  supports 
and  acreage  regiilations ,  is  570  bales  produced  on  200  acres.    In  contrast,  this 
same  price,  estimated  at  33 '0  cents  per  poxind,  in  the  absence  of  acreage  allot- 
ments, would  call  for  maximum  cotton  lint  production  for  all  three  farming  sy- 
stems (a,  B,  and  C)  --  about  1,730  bales  (see  Figure  ll).    Similar  relationships 
are  evident  for  the  other  three  subareas.    This  finding  is  further  supported  by 
the  relatively  low  lint  prices  at  which  cotton  would  displace  other  crops  on  the 
Grade  I  soil  in  this  analysis  based  on  maximizing  total  farm  net  returns.  This 
comparison  of  the  production  levels  that  likely  woxild  exist  in  the  absence  of 
Government  programs,  and  those  specified  for  the  four  models  under  existing  pro- 
grams, underscores  the  marked  advantage  that  cotton  displays  in  this  study  over 
other  crops  in  net  re turns -over- variable  expenses  per  acre. 

It  is  possible,  using  estimates  for  cotton  lint  production  in  the  absence 
of  Government  programs,  to  compare  the  relationship  between  total  farm  net  re- 
turns-over-variable expenses  and  total  farm  fixed  costs  vmder  these  estimated 
conditions  with  those  determined  for  conditions  existing  in  this  study.  Such 
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examination,  with  water  prices  (variable  costs)  at  the  level  specified  in  this 
study  ($i+.50,  $3.00,  $1.75,  and  $9.50  per  acre-foot  for  Upper,  Eastside,  Vfest- 
side,  and  Central,  respectively),  indicates  that  break-even  cotton  lint  prices 
would  be  about  as  follows:    Upper  17.25,  Eastside  22.50,  Westside  21. 50,  and 
Central  25.10  cents  per  pound  of  lint. 

At  these  typical  water  prices  for  the  four  subareas,  therefore,  these  analyt' 
ical  models  each  show  total  farm  net  returns  equal  to  total  farm  fixed  costs  at 
decidedly  lower  cotton  lint  prices  than  the  33. 0  cents  assumed  under  Government 
price  supports.    But  cotton  production  would  be  at  sharply  higher  levels  at 
these  lower  prices  than  under  the  existing  support  levels.    Thus,  for  the  C 
farming  system  in  Upper,  about  1,730  bales  of  cotton  lint  would  be  produced  at 
the  17.25  cent  cotton  lint  prices  vinder  which  farm  net  returns  break  even  with 
total  farm  fixed  costs.    Similar  relationships  (decidedly  higher  cotton  pro- 
duction at  lower  lint  prices  for  solutions  in  which  total  farm  net  returns  break 
even  with  fixed  costs)  are  evident  for  the  other  subareas,  except  Central. 

We  also  examined  the  effects  of  higher  water  prices  in  each  subarea,  assum- 
ing no  Government  price  supports  or  acreage  restrictions  for  cotton.    The  re- 
sult of  this  further  analysis  is  lower  levels  of  total  farm  net  returns-over- 
variable  expenses  at  each  solution,  and,  consequently,  higher  cotton  lint  prices 
necessary  for  break-even  relationships  between  net  returns  and  total  farm  fixed 
costs  (see  Figure  12).    Little  increase  in  cotton  production  could  result  for 
Upper  and  Westside  models  under  these  cotton  lint  price  conditions,  furthermore, 
because  estimated  production  at  the  lower  prices  already  is  near  the  maximum 
potential;  some  gains  are  indicated  for  the  other  two  subareas. 

The  preceding  analysis  clearly  indicates  that  farmers  in  the  San  Joaquin 
Valley  should  not  expect  much  improvement  in  their  ability  to  pay  for  irriga- 
tion water  as  a  result  of  increased  cotton  returns.    In  the  absence  of  acreage 
restrictions,  farmers  could  produce  a  great  deal  more  cotton  at  lower  prices 
than  they  are  permitted  to  do  under  existing  price  supports  and  acreage  allot- 
ments, but  might  gain  little  earnings  advantage.    Some  further  increases  in 
cotton  yields  per  acre  might  occur  to  strengthen  cotton  earnings  in  some  degree, 
of  course,  providing  lint  prices  remain  unchanged  after  the  yield  increase,  or 
drop  less  than  in  proportion.    Certainly  it  does  not  appear  reasonable  to  ex- 
pect further  rises  in  cotton  prices  above  existing  support  levels.  American 
and  California  producers  continue  to  depend  upon  foreign  outlets  for  a  major 
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FIGURE  12 

FARM  NET  RETURNS  WITHOUT  ACREAGE  ALLOTMENTS  UNDER  VARYING  COTTON 
LINT  PRICES;  FOUR  SUBAREAS 
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proportion  of  the  total  cotton  market;  government  subsidies  on  commercial  mar- 
ketings plus  the  problems  arising  from  competition  of  synthetic  textiles  sug- 
gest that  cotton  support  prices  are  imlikely  to  rise  in  relative  terms. 

The  opportunity  to  expand  production  in  the  absence  of  acreage  restrictions 
is  greatest  in  l^per  and  Westside  but  is  iniportant  in  both  the  other  subareas. 
A  major  reason  is  the  much  greater  proportion  of  all  soil  resources  classified 
as  Storie  Grade  I  (80-100  percent  on  the  Storie  Index)  in  these  subareas  as  com- 
pared with  the  other  two.    Again,  this  analysis  does  not  consider  certain  factors 
that  might  operate  to  reduce  the  degree  of  production  response  to  rising  cotton 
lint  prices  in  the  absence  of  cotton  acreage  allotments.    It  ignores,  further- 
more, the  impact  that  shifting  sizable  acreages  from  cotton  to  other  crops  might 
have  on  aggregate  production,  prices,  and  net  returns  from  these  alternative 
crops  in  the  study  area.    In  spite  of  these  omissions  from  the  analysis,  however, 
the  results  Indicate  that  farmers  should  look  to  some  crop  or  crops  other  than 
cotton  for  major  increases  in  total  farm  net  returns  and  water  purchasing  capacity. 


CONCLUSIONS 

Our  analyses,  in  terms  of  a  predetermined  (1956-1960)  set  of  price  and  cost 
conditions,  have  established  several  over-all  relationships  that  merit  mention. 
We  did  not  study  and,  therefore,  have  no  recommendations  to  make  as  to  the  ex- 
tent that  our  results  may  apply  outside  of  the  framework  specified  for  our  in- 
vestigations. The  following  represent  the  principal  conclusions  that  resulted 
from  our  analyses,  in  terms  of  the  four  San  Joaquin  Valley  subareas,  and  1956- 
1960  price  and  cost  conditions: 

1.  Both  the  highly  variable  costs  for  water  and  the  quantities  of  this 
resource  available  to  the  farm  operator  at  any  specified  price  exert 
important,  and  sometimes  decisive,  influence  on  optimum  resource  allo- 
cation and  adjustments  for  cotton-general  crop  farms  in  the  San  Joaquin 
Valley.    Our  analyses  established  clearly  that  such  relationships  exist 
within  each  of  the  four  subareas  studied,  each  with  its  own  complex  of 
natural,  institutional,  and  economic  conditions.    Comparisons  among 
these  four  subareas  also  demonstrate  that  the  nature  and  extent  of  in- 
fluences exerted  by  variable  water  costs  and  quantities  available  dif- 
fer, and  that  these  differences  relate,  in  turn,  to  variations  among 
the  subareas  in  soils,  climate  and  other  resource  characteristics,  in 
economic  phenomena  ,  and  in  institutional  factors. 

2.  Critical  shortages  of  irrigation  water,  coupled  with  prices  that  effec- 
tively limit  crop  choices  to  cotton  and  other  relatively  high  net  re- 
turn crops,  sharply  limit  profit  opportunities,  in  spite  of  highly 
favorable  soil  and  climatic  conditions  (other  than  low  rainfall).  This 
is  evident  from  the  Westside  model,  using  only  ground  water.  Conversely, 


adding  surface  water,  even  at  the  same  variable  costs  per  acre-foot  as 
the  existing  ground  water  supplies,  would  perndt  earnings  in  this  sub- 
area  at  only  slightly  lower  levels  than  in  the  Upper  subarea. 

3.  Ample  quantities  of  cheap  irrigation  water,  on  the  other  hand,  \n.lL 
not  maintain  profits  in  spite  of  relatively  unfavorable  factors.  This 
is  evidenced  by  the  lov/  earnings  ranking  of  the  model  for  Central,  as 
compared  ^^n.th  those  in  the  other  subareas  (except  for  Westside  ground 
water-only) . 

h.  Assviming  that  adeqxaate  quantities  of  \ra.ter  are  available,  variable 

costs  for  this  input  exercise  a  decisive  influence  on  crop  choices  and 
acreage  allocations  regardless  of  soil  and  climate.    The  higher  the 
water  price,  the  narrower  the  range  of  alternative  crops  that  will  per- 
mit the  farm  operator  to  obtain  maximum  profits;  about  $16.50  per  acre- 
foot,  within  cost  and  price  conditions  of  this  study,  is  the  critical 
level  beyond  which  farmers  will  minimize  losses  by  leaving  some  land 
idle. 

5.  Cotton  dominates  the  earnings  pattern  and  occupies  all  land  permitted 
under  acreage  allotments  in  all  subareas.    Except  for  those  farmers  to 
whom  some  specialty  crop  with  comparable  earnings  is  an  available  alter- 
native, differences  in  cotton  lint  yields  largely  govern  earnings  in- 
come differentials  among  the  four  subarea  models.    Under  conditions  of 
this  study,  these  cotton  yields,  in  turn,  depend  largely  on  natural 
factors,  primarily  soil  and  climate. 

6.  Government  price  support  and  acreage  allotment  policies  for  cotton  con- 
tribute importantly  to  the  highly  favorable  competitive  position  that 
it  occupies  as  a  source  of  per-acre  earnings  in  the  San  Joaqiiin  Valley. 
Farmers  would  still  find  cotton  their  most  profitable  alternative  in 
comparison  vdth  alfalfa  and  feed  grains  at  prices  fully  10  cents  per 
pound  of  lint  lower  than  the  support  levels  prevailing  from  191?6-1960, 
except  for  the  Central  model. 

T.  If  both  price  supports  and  acreage  restrictions  were  eliminated,  farmers 
would  greatly  expand  cotton  acreage,  even  if  cotton  lint  prices  dropped. 
It  is  quite  possible,  in  light  of  this  indication  of  increased  produc- 
tion, plus  the  subsidies  on  commercial  marketings  at  home  and  abroad, 
that  prices  would  drop,  perhaps  well  below  30  cents  per  pound  for  the 
quality  grown  in  California. 

Obviously  other  important  changes  would  occur  to  affect  the  relative  earn- 
ings potentials  of  other  alternative  crops,  in  the  absence  of  Government  price 
support  and  acreage  restrictions.    Prices  for  certain  of  these  crops,  such  as 
alfalfa  and  the  feed  grains,  might  rise  and  thus  narrow  the  advantage  that  cotton 
has  in  earnings  under  conditions  of  this  study.    Cotton  yields  also  might  rule 
somewhat  lower  with  greatly  expanded  acreage  and  subtract  some  more  from  cotton's 
profit  margin.    This  study  did  not  undertake  to  explore  these  possible  developments. 
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APPENDIX  FIGURES 
A-1 

VARIATIONS  IN  RELATIVE  GROWTH  AND  AVAILABLE  MOISTURE 


DEPLETION  LEVELS  FOR  SANDY,  LOAM,  AND  CLAY  SOILS 
100%    . 


A-2 

PLANT  GROWTH  RATES  AS  PERCENTAGES  OF  THE  POTENTIAL 
(100  percent)  AT  INCREASING  LEVELS  OF  DEPLETION  FOR 
AVAILABLE  SOIL  MOISTURE  (Hypothetical  Data). 
100%  
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APPENDIX  TABLE  A-1 


Calculation  Methods  for  Determining  Annual  Fixed  Costs  on  Farm  Property  or 
Capital  Goods  (illustrated  by  70  drawbar  horsepower  tracklayer  tractor)  a/ 


Noncash  costs 

1.    Interest  (6^  of  average  investment) 


1^  Original  cost  +  salvage  value  J     6/100  =  |^  $17.l60  +  $2.402  J  6/100  =  $  587 


Depreciation 

Original  cost  -  salvage  value  = 
years  on  farm 

TOTAL 


$17.160  -  ^2.402 
10 


1,1^76 


$2,063 


Cash  costs 

1.  Taxes 

Assessment  @  35^  of  average  investment  =  $3,423  yi  6,%  levy  = 

2.  Insurance 

Estimated  ©  0.75^  of  average  investment  = 
TOTAL 

ALL  FIXED  COSTS 


$  222 
73 

$  295 
$2,358 


a/    Fixed  costs  in  this  report  include  "overhead"  costs  that  the  farm  operator 

incurs  largely  regardless  of  variations  in  the  scope  of  his  annual  operations. 
A  heavy  proportion  of  these  costs  relate  directly  to  land,  machinery  and 
other  capital  goods;  some  refer  to  such  overhead  as  "cost  of  owning"  such 
property,  or,  simply,  as  "capital  costs."    Another  important  category  of 
fixed  costs  is  those  administrative  expenses  that  are  unavoidable  in  the 
function  of  managing,  but  that  are  difficult  if  not  impossible  to  allocate 
to  specific  income-producing  activities,  or  enterprises.    Among  this  latter 
group  are  office  expenses,  organization  dues,  social  security  taxes,  and 
in  this  study,  irrigation  demand  charges  and  district  assessments. 


-65- 


/iPPELJDIX  T/iELE  A-2 


li-rica-bion  Ijc-'ces  Budget;  Cotton  on  Hespcria  Fine  Sandy  Loam  at 
100  Percent;  Available  Soil  Moisture 
(all  quantities  in  acre-inches) 


Montia 


Root 
zone 
depth 
in  j?t. 


Inches  a^'ailabla 
water 


per  .:t. 

of  soil 


roo 

31- 

1 


one—' 


&/apo- 

root 

trans- 

zone 

pirction 

Carry- 

in LTt. 

rate 

over" 

b/ 

per  day 

c/ 

b 

7 

c 

.020 

0 

.25 

.060 

.6h 

.25 

.080 

.05 

.50 

.167 

1.3^^ 

.50 

.213 

1.97 

.50 

.307 

2.51 

•  J  J 

.313 

2.29 

.33 

.267 

2.16 

.33 

.253 

3. Id 

0 

.li;7 

^.77 

Froni  j  Moisture 

nciv  at  start 

root  i  of 

^.one  1  period 


iiddi-  ;  Total 
tions  I  avail- 


able 


With- 
drawal I 


Mois- 
ture at 
end  of 
period 


Irrir-ation 
dates 


IT 


■+- 


9 


10  T  11 


12 


13 


OS 

I 


April* 
16-30 
May 
1-15 

15-  31 
June 

1-15 

16-  30 
July 

1-15 
16-31 
Aug. 

1-15 
16-31 
Sept. 

1-15 


.75 

1.00 
1.50 

2.00 
2.50 

3.00 
3.33 

3.67 

ll-.OC 

i|-.00 


1.25 

1.25 
1.25 

1.25 
1.25 

1.25 
1.25 

1.25 
1.25 

1.25 


.■9h 

1.25 
1.87 

2.50 
3.12 

3.75 
k.i6 

5.00 
5.00 


.9k 

.31 
.62 

.63 
.62 

.63 
.in 

M 
.hi 


5.00 


.9h 

.95 
.67 

1.97 
2.59 

3.1^^ 
2.70 

2.57 
3.57 


0 
0 

1.87 

2.50 
3.12 


h.59 
5.00 


2k.  99 


.9h 

.3 

.6h 

.95 

.9 

.05 

2.5^^ 

1.2 

1.3^. 

hM 

2.5 

1.97 

5.71 

3.2 

2.51 

6.89 

k.S 

2.29 

6.86 

h.7 

2.16 

7.16 

k.c 

3.16 

8.57 

3.8 

4.77 

2.2 

2.57 

27:^ 

May  25 

J\me  12 
June  28 

July  10 
July  23 

Aug.  10 
Aug.  30 


*    Assumes  preplanting  irrigation  to  bring  soil  to  field  capacity. 

a/  Moistui-e  availai^le  in  root  zone  v.'hen  soil  is  at  field  capacity  (col.  2  x  col.  3). 
b/  Addition  to  root  zone  due  to  expansion  of  roots  into  new  soil. 

c/  Moisture  left  in  roo;:  zone  at  end  of  time  pe'-^iod  (amount  in  col.  13  for  last  time  period), 
d/  Moisture  now  available  to  plant  (col.  5  x  col.  3). 
c/  (col.  7  +  col.  8). 

f/  MoiGi.ui-e  added  to  soil  by  ix-rigations  to  bring  soil  back  to  field  capacity  (col.  9  +  col.  lO). 
^  Evapo-transpiratlon    rate  per  day  times  number  of  days  in  time  period. 


Data  in  colucms  2,  3,  6,  and  12  must  be  obtained  from  outside  som-ces  such  as  sgronominbs  and  irrigation  personnel. 


APPENDIX  T^^LE  A- 3 


Estimated  Field  Irrigation  Efficiency  under  Furrov  Irrigation  for 
Different  Application  Depths  by  Soil  lype  on 
Deep  Well-Drained  Soils 


Desired  application 

iepth  in  inch 

es—'''^ 

Soil  type 

Under 
2 

2 

2-1/2 

2-1/2 

k 

U-l/2 

5 

5-1/2 

6 

7 

8 

1 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

percentages 

Fine  sandv 
loam 

35 

ho 

i^5 

50 

55 

60 

63 

65 

65 

65 

65 

65 

Loam 

50 

55 

60 

62 

6k 

65 

66 

67 

68 

69 

70 

70 

Silt  loam 

50 

55 

6o 

62 

6h 

65 

66 

67 

68 

69; 

70 

70 

Clay  loam 

50 

55 

58 

60 

63 

65 

65 

66 

67 

66  i 

i 

63 

60 

Clay 

60 

63 

65 

68 

65 

62 

60 

60 

58 

56 

54 

52 
1  1 

a/  Assumes  tail  water  system. 


Source:    Estimated  by  research  and  extension  workers  in  irrigation  problems 
and  methods. 
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APPENDIX  TABLE  A-k 


Total  Water  Applications  by  Soils,  Irri£^tion  PiBCtices  and  Crops;  Four  Subareas 
(all  quantities  in  acre-inches) 


Upper 

1 

1 

Eastslde 

Depletion  Levels  for  Available  Soil  Moisture 

Crop 

Total  Water 

1 

2 

3 

4 

1 

2 

3 

4a/ 

UPPKH:    HespL^ria  F.S.L.  (l) 

KASTSIDE:    Chlno  C.L.  (l) 

Al falfa 

(6.0b 

76.14 

76.16 

— 

78.01 

79.87 

79.96 

— 

AUalfa  (ui;t.ubi  ijhed) 

';0 . 28 

55.92 

Milo  (double  crop) 

32.11 

41.90 

32.67 

37.23 

Milo  (single  crop) 

38.36 

48.71 

36.94 

-- 

32.53 

37.27 

41.37 

-- 

Field  Corn 

36.10 

39.32 

41.05 

35.58 

43.92 

37.34 

Melons 

23.05 

23.86 

23.86 

30.58 

35-33 

Potatoes 

1*3.75 

43.36 

60.14 

— 

■  " 

Su^ar  Beets 

45.56 

47.07 

48.99 

62.58 

63.48 

67.08 

Cotton 

52.65 

50.65 

— 

- 

46.80 

52.71 

— 

53.73 

Beans 

31.  Its 

32.98 

30.02 

-- 

22.73 

25.90 

24.57 

Alfalfa  Seed 

-- 

— 

— 

— 

— 

— 

-- 

— 

Cantaloup 

-- 

-- 

— 

30.58 

35.33 

— 

-- 

Grain  Sorghum 

— 

— 

— 

— 

32.53 

37.23 

41.37 

— 

Grain  Sorghum  (late) 

— 

— 

— 

— 

32.67 

37.23 

— 

— 

Barley 

-- 

— 

— 

— 

22.00 

— 

— 

— 

UPPER:    Hesperla  L.  (l) 

EASTSIDE:    Traver  F.S.L.  (Il) 

Alfalfa 

67.48 

71.46 

70.32 

79.08 

82.72 

80.98 

Alfalfa  (estahlished) 

47.07 

55.77 

Milo  (double  crop) 

28.53 

29.10 

39.41 

48.34 

Milo  (single  crop) 

36.25 

37.60 

26.38 

39.40 

48.33 

43.53 

Field  Corn 

30.77 

30.25 

35.27 

43.02 

52.58 

43.12 

Ifelons 

23.87 

32.72 

24.26 

38.68 

47.60 

Potatoes 

19.29 

42.00 

46.47 

S^gar  Beets 

45.57 

42.58 

44.59 

44.41 

46.20 

1*8.04 

Cotton 

40.58 

46.40 

49.07 

51.29 

56.18 

67.86 

Beans 

20.53 

24.81 

21.66 

30.60 

32.51 

29.92 

Alfalfa  Seed 

Cantaloup 

38.68 

47.60 

Grain  Sorghum 

39.40 

48.33 

43.53 

Grain  Sorghum  (late) 

39.41 

48.34 

Barley 

22.00 

Westside 

Centiml 

VffiSTSIDE:    Panoche  C.L.  (l) 

CEHTflAL:     Hanford  F.S.L.  (l) 

Alfalfa 

63.14 

72.10 

64.92 

71.61 

73.69 

Alfalfa  (established) 

58.08 

55.50 

Milo  (double  crop) 

39.55 

39.60 

46.51 

47.69 

Milo  (single  crop) 

39.55 

40.57 

33.68 

41.65 

35.69 

Field  Corn 

42.63 

50.45 

49.70 

Melons 

28.76 

33.19 

22.33 

27.46 

28.75 

Potatoes 

Sugar  Beets 

59.04 

66.78 

66.08 

44.09 

45.66 

47.51 

Cotton 

41.42 

48.53 

55.26 

43.78 

56.63 

69.92 

Beans 

23.37 

26.15 

30.92 

33.19 

Alfalfa  Seed 

45.10 

Cantaloup 

Grain  Sorghum 

Grain  Eorjhion  (late) 

Barley 

HESTSIDE:    Panoche  S.L.  (ll) 

CEUraAL:    F  .ster  L.S.  (ill) 

Alfalfa 

60.12 

66.16 

63.14 

79.20 

81.30 

Alfalfa  (established) 

49.42 

61.50 

Milo  (doable  crop) 

33.21 

35.25 

46.80 

52.41 

Milo  (single  crop) 

34.30 

35.31 

44.73 

46.83 

39.54 

Field  Corn 

48.16 

51.74 

49.00 

Melons 

33.16 

34.24 

24.80 

24.89 

24.89 

Potatoes 

Su(;ar  Beets 

47.09 

55.34 

46.27 

44.50 

50.92 

46.14 

Cotton 

42.83 

48.57 

53.02 

52.54 

55.16 

Beans 

21.38 

25.93 

22.78 

34.14 

40.59 

Alfalfa  Seed 

50.15 

Cantaloup 

Grain  Sorghum 

Grain  Sorghum  (late) 

Barley 

a/    Irrigation  treatments  Identified  as:     (l)    100  percent,  (2)    80  percent,  (3)  8O-IOO  percent,  and  (4)    60  percent  levels 
of  available  soil  moisture  depletion,  respectively,  prior  to  irrigation. 


-68- 


APPENDIX  TABLE  A- 5 


Variable  Input  Expenses  and  Net  Beturns  per  Acre,  Sumaries  for  All  Crops, 
According  to  Soils  and  Irrigation  Treatments  a/  ;  Four  Sutareas 


Area  crops  by  soil 

a/ 

Preharvest 
costs 
1 

Harvest  ' 
costs  < 
2 

Dotal  varl- 
ible  costs 

3 

Cost  01 

Yields 
1*  ■" 

receipt  itei 
Price  per  C 
unit 

5 

11 

}ro6B     ,  /  B 

6 

let 

■eturns 
7 

Net 
wate 

returns  plus 
r  cost  c/ 

8 

UPPER  SAN  JOAQUIN  VALLEY 
Alfalfa  Hay  / 
Hesperla  F.S.L.-' 

Hesperia  loam 

1 
2 
1 
2 
3 

1*3.55 
1*1*.  19 
1*1.25 
1*2.1*9 
1*2.12 

56.21 
57.68 
54.93 
57.02 
55.97 

131.50 
134.39 
125.10 
129.93 
128.07 

dollars  ej 

(tons) 
8.30 
8.61 
8.03 
8.47 
8.25 

ccept  as  note 

25.57 
25.57 
25.57 
25.57 
25.57 

1 

212.36 

220.03 
205.39 
216.51 
210.96 

80.86 
85.64 
80.29 
86.58 
82.89 

112.60 
118.16 
109.21 
117.00 
112.87 

Alfalfa  stand 
Hesperia  F.S.L. 
Hesperia  loam 

Alfalfa  lA  stand  and 
3/1*  hay 

Hesperia  F.S.L. 
Hesperia  loam 

1 
1 

1 
£ 
1 

2 
3 

1*2.92 
1*2.22 

1*3.39 
1*3.87 
1*1.1*9 
1*2.1*2 
1*2.11* 

31.34 
30.58 

49.99 
51.10 
1*8.84 
50.41 
49.62 

95.84 
93.48 

122.58 
124.76 
117.20 
120.81 
119.43 

4.75 
4.59 

7.41 
7.64 
7.17 
7.50 
7.34 

25.57 
25.57 

25.57 
25.57 
25.57 
25.57 
25.57 

121.46 

117.37 

189.47 
195.35 
183.34 
191.77 
187.68 

25.62 
23.89 

66.89 
70.59 
66.14 
70.96 
68.25 

47.20 
44.57 

96.09 
100.38 
93.00 
98.94 
95.91 

Barley 

Hesperia  F.S.L. 
Hesperia  loam 

1 
1 

33.19 
33.19 

10.26 
10.83 

51.70 
52.27 

(cwt.) 

28.40 
32.20 

2.16 
2.16 

61.34 
69.55 

9.64 
17.28 

17.89 
25.53 

Beans 

Hesperia  F.S.L. 

Hesperia  loam 

1 
2 
1 
2 
3 

1*6.01* 
1*6.51 
1*2.61 
1*3.99 
1*3.03 

35.85 
36.94 
34.96 
36.56 
35.60 

93.68 
95.81 
85.27 
89.85 
86.76 

(ovt.) 

16.15 
16.83 
15.59 
16.59 
16.00 

8.53 
8.53 
8.53 
8.53 

137.76 
143.56 

132.98 
141.51 
136.48 

1*4.08 
47.75 

M-  f  .  |L 

51.66 
49.72 

55.87 
60.11 
Ul 
60.96 
57.85 

Cotton 

Hesperia  F.S.L. 

Hesperia  loam 

1 
2 
1* 
1 
2 
1* 

108.13 
109.80 
111.1*0 
104.37 
106.19 
107.02 

58.56 
60.39 
60.70 
57.03 
59.78 
60.39 

186.43 
192.17 
195.78 
176.62 
183.37 
185.81 

(lbs.) 
1,425.00 
1,485.00 
1,495.00 
1,375.00 
1,465.00 
1,485.00 

.33 
.  33 
.33 
.33 
.33 
.33 

522.39 
51*1+.  1*8 
548!o6 
504.06 
537.06 
544.39 

335.96 
352.31 
352.28 
327.44 
353.69 
358.58 

355.70 
374.19 
375.96 
342.66 
371.09 
376.98 

Milo  (double  crop) 
Hesperia  F.S.L. 

Hesperia  loam 

1 

2 
1 

2 

31*.  38 
37.38 
33.71* 
34.17 

13.48 
13.88 
13.16 
13.76 

62.85 
69.96 
61.10 
62.35 

(cwt.) 

47.40 

49.40 

45.80 

1*8.80 

2.09 
2.09 
2.09 
2.09 

99.07 
103.25 

95.72 
101.99 

36.22 
33.29 
34.62 
39.64 

50.60 
51.37 

1*8.  a 
53.45 

Kilo  (sinKle  crop) 
Hesperia  F.S.L. 

Hesperia  loam 

1 
2 
1 
2 

37.50 
40.52 
36.86 
37.29 

13.48 
13.88 
13.16 
13.76 

65.98 
73.09 
64.22 
65.71 

47.40 
1*9.80 
45.80 

48.  80 

2.09 
2.09 
2.09 

99.07 
103.25 
95.72 

1  01  QQ 

33.09 
30.16 
31.50 
36.28 

47.47 

1*8.24 

1*5.09 
50.38 

Potatoes 

Hesperia  F.S.L. 

Hesperia  loam 

2 
1* 
2 
It 

159.77 
161.12 
166.25 
171.24 

284.76 
289.70 
281.82 
286.00 

460.79 
473.38 
458.57 
474.67 

(cvrt.) 
266.00 
272.00 
265.00 
269.00 

2.30 
2.30 
2.30 
2.30 

611.80 
625.60 
609.50 
618.70 

151.01 
152.22 
150.93 
144.03 

167.27 

174.78 
161.43 

161.46 

Sup;ar  Beets 
Hesperia  loam 

1 
2 

103.36 
103.87 

50.45 
53.70 

172.66 
177.55 

( tons ) 

20.18 

21.48 

13.25 
13.25 

267.39 

284.61 

94.73 
107.06 

113.58 
127.04 

SAN  JQAQUIM  VALLEY  EASTSIDE 
Alfalfa  Ifeiy 

Chino  clay  loam 

Traver  F.S.L.^ 

1 
2 
1 
2 
3 

61.53 
62.53 
65.60 
65.79 
65.73 

55.21 
57.87 
57.35 
59.06 
58.16 

116.74 
120.40 
122.95 
124.85 
123.89 

(tonsi 
8.09 
8.65 
8.54 
8.90 
8.71 

25.57 
25.57 
25.57 
25.57 
25.57 

206.86 
221.18 
218.37 
227.57 
222.71 

90.12 
100.78 

95.42 
102.72 

89.82 

109.64 
120.74 
116.10 
122.49 
118.62 

Alfalfa  stand 

Chino  clay  loam 

Traver  F.S.L. 
Alfalfa  comb.  l/U  stand 

and  Vh  hay 

Chino  clay  loam 

Traver  F.S.L. 

1 
1 

1 
2 
1 
2 
3 

56.40 
58.90 

60.25 
61.00 
63.92 
64.07 
64.03 

31.23 
32.53 

1*9.22 
51.21 
51.15 
52.43 
51.75 

87.63 
91.43 

109.47 
112.21 
115.07 
116.50 
115.78 

4.49 
4.75 

7.19 
7.61 
7.59 
7.86 
7.72 

25.57 
25.57 

25.57 
25.57 
25.57 
25.57 
25.57 

114.81 
121.46 

183.85 
194.59 
194.08 
200.98 
197.40 

27.18 
30.03 

74.38 
82.38 
79.01 
84.48 
81.62 

41.16 
43.97 

92.52 
100.84 

98.01 
102.79 

99.96 

IContinued  on  next  page.; 
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Appendix  Table  A-5  continued. 


Area  crops  by  Boil 


Preharvest 

COfltB 


Ittrvest 
coeta 


Total  -vari- 
able  eoatg 


Co»t  or  receipt  item 


JOeUe. 


Price  per 


Gross 


Het 

"turns 


Net  returns  plus 
water  costs  sJ 


.1. 


SAN  JQAQUIH  VALLEY  EASTSIKE 

(continued) 
Birley 

Chino  clay  loam 

Traver  F.S.L. 


Beans 

Ohlno  clay  loam 


Traver  F.S.L. 

Cotton 

Chino  clay  loam 

Traver  F.S.L. 


Field  Corn 

Chino  clay  loam 

Traver  F.S.L. 


Melons 

Chino  clay  loam 

Traver  F.S.L. 


Milo  (double  crop) 
Chino  clay  loam 

Traver  F.S.L. 


Milo  (single  crop) 
Chino  clay  loam 

Traver  F.S.L. 


Sugar  Beets 

Chino  clay  loam 


SAH  JOAQUIN  VALLEY  WESTSIDE 
Alfalfa  hav 

Panoche  clay  loam  I 


Panoche  loam  II 


Alfalfa  stand 

Panoche  clay  loam  I 
Panoche  loam  II 

Alfalfa  1/4  stand  and 
.V4  hay 

Panoche  clay  loam  I 


Panoche  loam  II 


38.59 


48.68 
50.1*7 
1*9.71 
53.02 
51*.  38 


116.34 
119.66 
120.61 
118.36 
121.16 
125.05 


60.81 
65.1*5 
61.79 
65.17 
71.09 


121.22 
123.87 
126.65 
131.63 


40.82 
1*3.34 
50.85 
55.81 


44.86 
46.32 
54.01 
58.98 
56.30 


127.01 
127.52 


26.22 
28.84 
26.73 
25.31 
27.11 
26.19 

31.68 
29.13 


27.58 
29.55 
27.97 
26.26 
27.62 
26.92 


10.71 
10.26 


40.59 
42.64 
41.42 
35.85 
36.94 


46.95 
49.24 
50.01 
44.05 
1*5.27 
1*5.1*3 


29.04 
30.40 
29.72 
30.15 
31.00 


351.00 
37l*.40 
333.1*5 
347.10 


12.96 
13.60 
13.48 
13.88 


12.96 
13.60 
13.1*8 
13.88 
13.68 


56.16 
60.06 


59.53 
62.38 
60.96 
51.65 
53.88 
52.98 


30.10 
27.77 


52.17 
51*.  31 
53.24 
45.68 
1*7.35 
46.68 


49.30 
48.70 


89.27 
93.11 
91.13 
88.87 
91.32 


163.29 
168.90 
170.62 
162.42 
166.43 
170.48 


89.85 
95.85 
91.51 
95.32 
101.09 


472.22 
498.27 
460.10 
1*78.73 


53.78 
56.91* 
64.33 
69.69 


57.82 
59.92 
67.49 
72.86 
69.98 


183.17 
187.58 


135.63 
148.18 
138.98 
124.45 
133.26 
129.05 


107.66 
95.94 


128.64 
138.05 
131.15 
117.33 
123.93 
120.77 


dollars  ejccept  as  noted 


(cvt, 
31.40 
28.40 


19.12 
20.40 
19.64 
16.15 
16.83 

(lbs.) 
1,045.00 
1,120.00 
1,145.00 
950.00 
990.00 
995.00 

(cvt.) 

44.80 

48.00 

46.40 

47.40 

49.40 

(orates) 
180.00 
192.00 
171.00 
178.00 

(cvt.) 

44.80 

48.00 

47.40 

49.40 


44.80 
48.00 
47.40 
49.40 
48.40 

(tons) 

21.60 

23.10 


(tons) 
9.00 
9.60 
9.30 
7.34 
7.81 
7.62 


4.49 
4.00 


7.87 
8.32 
8.10 
6.51 
6.86 
6.72 


2.16 

67.82 

18.52 

2.16 

61.34 

12.64 

8.53 

163.09 

73.82 

8.53 

174.01 

80.90 

8.53 

167.53 

76.40 

8.53 

137.76 

46.89 

8.53 

143.56 

52.24 

.33 

383.27 

219.98 

.33 

410.77 

241.87 

.33 

419.93 

249 . 31 

■  33 

348.26 

185.84 

.33 

362.83 

196.40 

•  33 

364.94 

194.46 

2.52 

112.90 

23.05 

2.52 

120.96 

25.11 

2.52 

116.93 

25.42 

2.52 

119.45 

?4  1^ 

2.52 

124.49 

23.40 

3.80 

684.00 

211.78 

3.80 

729.60 

231.33 

3.80 

649.80 

189.70 

3.80 

676.40 

197.67 

2.09 

93.63 

39.85 

2.09 

100.32 

1*3.38 

2.09 

99.07 

31*.  74 

2.09 

103.25 

33.56 

2.09 

93.63 

35.81 

2.09 

100.32 

40.40 

2.09 

99.07 

31.58 

2.09 

103.25 

30.39 

2.09 

101.16 

31.18 

13.25 

286.20 

103.03 

13.25 

306.08 

118.50 

25.57 

230.13 

25.57 

245.47 

25.57 

237.80 

98.82 

25.57 

187.68 

63.23 

25.57 

199.70 

66.44 

25.57 

194.84 

65.79 

25.57 

144.81 

7.15 

25.57 

102.28 

6.34 

25.57 

201.24 

72.60 

25.57 

212.74 

74.69 

25.57 

207.12 

75.97 

25.57 

166.46 

1*9.13 

25.57 

175.41 

51.48 

25.57 

171.83 

51.06 

24.02 
18.14 


79.50 
87.38 
82.51* 
56.55 
60.61 


231.68 
255.05 
262.74 
198.66 
210.45 
208.77 


31.95 
36.09 
34.76 
34.88 
36.54 


219.42 
240.16 

199.37 

209.57 


48.02 
52.69 
44.59 
45.64 


43.94 
49.64 
41.43 
42.47 
42.06 


118.67 
131*.  36 


144.38 
154.25 
150.11 
110.72 
118.71 
115.67 


53.03 
45.38 


121.48 
128.88 
125.91 

94.51 
100.44 

98.23 


(Continued  on  next  page. ) 
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Appendix  Ikble  A-5  continued. 


Cost  or  receipt  itei 

in 

a/ 

Prehanmst 

fiirveet 

Total  vari- 

Price per 

Oros.  ^ 

Ret 

Net  returns  plus 

Area  croDS  bv  soil 

coBta 

costs 

able  costs 

Yields 

unit 

receipts^ 

returns 

water  cost  c/ 

1 

2 

3 

1* 

5 

5   , 

7 

8 

dollars 

xcept  as  noted 

SAM  JQAQUm  VALLEY  HESTSIDE 

(continued) 

Alfsafa  seed 

(lbs.) 

Of  .yu 

32.13 

135.00 

504. 00 

.29 

151.10 

1  C  till 

51.07 

Panoche  loam  II 

1 

69.1*0 

s?  1  s 

l4l,15 

504,00 

PQ 

151 .10 

Q  OR 

ko  S7 

**y.  ?  1 

Alfalfa  seed  stand 

Panoche  clay  loam  I 

1 

96.68 

S2  IS 

ISl  IS 

504.00 

■  '-7 

151 . 10 

-  0  05 

Panoclie  loam  TT 

1 

99.56 

32.13 

157.62 

504.00 

.29 

151.10 

-  6:52 

19.1*1 

Alfalfa  seed  l/^  stand 

and  a/^  seed 

Panoche  clay  loam  I 

1 

77.40 

Iko  77 

504.00 

PQ 

151 ,10 

1  rt 
■1-'-'. 

kl  c;7 

Panoche  loam  II 

1 

79.35 

"^2  l'^ 

146.58 

504,00 

151 .10 

k  SP 

■^Q  /^P 

Barlev 

Panoche  clay  loam  I 

1 

28.72 

11.40 

S7  S"^ 

36.00 

2.16 

20 ,23 

"^7  fUl 

Panoche  loam  II 

1 

28.72 

11.52 

57.65 

36.80 

2!l6 

79.1*9 

2l!8l* 

39.25 

Beans 

Panoche  clay  loam  I 

1 

Its  '16 

38.80 

100 . 82 

18.00 

8  s^ 

■l-PJ. 

^P  7P 

71  18 

2 

kk.k2 

40 .72 

105 .80 

19. 20 

ft 

1  Tft 
XO3. fO 

57.98 

tA  All 

Panoche  loam  II 

1 

Up  OS 

36.41 

06  PS 

16, 50 

ft  S5 

44. 50 

61.39 

2 

hk.3k 

38!l6 

102.98 

17.60 

8.53 

150.13 

1*7.15 

67.63 

Cotton 

ViDs, ; 

Panoche  clay  loam  I 

1 

106 . 13 

SI  SI 
pi  •  px 

1  on  ^fi 

1    ^ilQ  Ail 

«  JJ 

495 ,01 

^rtk  ^cr 
JUH . Op 

337.31 

2 

108.32 

54.26 

200.92 

.  Jj 

"^PT  ftO 

5P*^  or 

365 . 31 

It 

110 .  j+1 

SS  'i'i 

209.40 

1  474,82 

• 

540 ,80 

331.40 

375.06 

Panoche  loam  II 

1 

106.55 

45.25 

185 !64 

l|li*i*!86 

.33 

1*19.63 

233.99 

267.83 

2 

108.3^ 

47.54 

194.25 

1,219.85 

.33 

1*1*7.11 

252.86 

291.23 

k 

48,00 

.OM- 

•  JJ 

lit^P  RO 

252  88 

294.77 

Melons 

^crates } 

Panoche  clay  loam  I 

1 

113.21 

"^si  00 

486  Q7 

180  00 

3.80 

iy 1 .uj 

219.79 

ili*-,56 

371*.  "to 

515.18 

192,00 

3^80 

729.60 

214.42 

240,64 

Panoche  loam  II 

1 

114.55 

333.1*5 

1*71*.  20 

171.00 

3.80 

61*9. 80 

175.60 

201.80 

2 

IIU.88 

1*89.03 

178 , 00 

3, 80 

676.40 

187.37 

214.42 

Milo  (double  crop) 

Vcwx. ; 

Panoche  clay  loam  I 

1 

J  1  •  P  1 

12.96 

44.80 

p  no 

XI  .00 

43. 10 

2 

13.60 

82.1*6 

48,00 

p  no 

1  nn  "Sp 

17  ft^; 

X  1 ,00 

49,14 

Panoche  loam  II 

1 

35.63 

13.16 

75.03 

45)80 

2.09 

95.72 

20.69 

1*6.93 

2 

36.25 

13.76 

77.86 

48,80 

2.09 

101.99 

21*.  13 

51.98 

Milo  (sinsle  crop) 

Panoche  clay  loam  I 

1 

12. 96 

81*. 03 

44,80 

2.09 

93.03 

9.00 

hri  All 

2 

1+0, lU 

13.60 

8s  7Q 

48.00 

p  no 

100. 32 

1  k  RS 
J-**.  ?J 

kA  Sft 

Panoche  loam  II 

1 

13.16 

78.1*1 

45,80 

p  no 

QS  70 

1  7  SI 

1*1*. 1*1 

2 

jO, 

13.76 

79.96 

to.  ou 

2.09 

101 . 99 

22.03 

1*9.92 

Sufiar  Beets 

(tone) 

Panoche  clay  loam  I 

1 

102,85 

49,45 

198 . 91* 

IQ  78 

1*^  PS 
xj  .cp 

262.09 

^^S   1  R 

1  no  7Q 

2 

105 , 17 

52,88 

210.81* 

21  IS 

PS 

280. 2I* 

69 .1*0 

122.16 

3 

105,11 

52.08 

20.83 

1  ^  p^ 

276 . 00 

66.61 

J.L0.01 

Panoche  loam  II 

1 

kn  1  s 

176.61 

16  06 

13.25 

217.80 

36.19 

73.39 

2 

101 . 17 

42.53 

187.1*2 

17.01 

13.25 

225 . 38 

37.96 

81.68 

CEMTRAL  SAW  JOAQUIN  VALLEY 

Alfalfa  hay 

Ifanford  F.S.L. 

1 

■^o 

10.  Ul 

05  .HO 

0  ftr\ 
J. 00 

25.57 

97.17 

31.71 

39.86 

Hanford  F.S.L.  (alkali) 

1 

■30  ■art 

1  rtft 

63.53 

2,05 

25.57 

72.87 

9. 31* 

17.1*9 

Foster  loam 

1 

40.73 

67.72 

3.01 

25.57 

97.1*2 

29.70 

38.68 

Alfalfa  stand 

Hanford  F.S.L. 

1 

j>» 

■^S  4l 

81,08 

7  (tO 

1  ok  SS 

lis  oc; 

123.71 

Hanford  F.S.L.  (alkali) 

2 

36.05 

82158 

7.90 

25.57 

202.00 

119.1*2 

130.21 

1 

31*.  91 

33.'tl 

78.78 

6.65 

25.57 

170.01* 

91.26 

101.72 

2 

35.7lt 

33. 9"* 

80.1*7 

6.90 

25.57 

176.1*3 

95.96 

106.75 

Foster  loam 

1 

37.09 

35.1*6 

81*. 11 

7.62 

25.57 

191*.  81* 

110.73 

122.29 

Alfalfa  l/^  stand  and 

2 

37.59 

36.08 

85.51* 

7.92 

25.57 

202.51 

116.97 

128.8U 

2/3  hay 

}fanford  F.S.L. 

1 

36.56 

29.67 

75.88 

6.33 

25.57 

161.86 

85.98 

95.67 

Ifanford  F.S.L.  (alkali) 

2 

36.91 

30.10 

76.88 

6.53 

25.57 

166.97 

90.09 

100.00 

1 

36.36 

27.69 

73.70 

5.38 

25.57 

137.67 

63.97 

73.66 

2 

36.56 

28.05 

71*.  83 

5.53 

25.57 

11*1.1*0 

66.57 

76.1*8 

Foster  loam 

1 

38.29 

29.70 

78.65 

6.35 

25.57 

162.37 

83.72 

91*.  1*2 

2 

38.63 

30.12 

79.60 

6.55 

25.57 

167.1*8 

87.88 

98.78 

(Continued  on  next  page.) 
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Appendix  Table  A- 5  continued. 


Cost  or 

receipt  Item 

Pre  harvest 

Harvest 

Total  variable 

Price  per 

Gross  ^ 

Het 

Net  returns  plus 

Ar6&  crops  by  soli 

coBte 

costs 

costs 

Yields 

unit 

receipts^ 

returns 

water  costs  c/ 

I 

2 

3 

4 

5 

6 

7 

8 

dollars  except  as  noted 

CENTRAL  SAN  JOAQUIN  VAUiEY 

(continued) 

Barley 

(cvt.) 

61.56 

Hanford  F.S.L. 

I 

27.89 

10.27 

41.51 

28.50 

2.16 

20.95 

23.40 

Hanford  F.S.L.  (alkali) 

27.89 

10.27 

41.51 

28.50 

2.16 

61.56 

20.95 

23.40 

Foster  loam 

1 

27.89 

8.90 

40.14 

19.00 

2.16 

41.04 

.90 

4.25 

Beans 

Hanford  F.S.L. 

1 

lt2.5lt 

32.72 

79.77 

14.20 

8.53 

121.13 

41.36 

45.87 

2 

lt3.12 

33.68 

81.65 

14.80 

8.53 

126.24 

44.59 

49.44 

Hanford  F.S.L.  (alkali) 

1 

It2.5lt 

32.72 

79.77 

14.20 

8.53 

121.13 

41.36 

45.87 

2 

It^  1  ? 

81.65 

14.80 

8 

126.24 

Foster  loam 

L 

ltlt.38 

34.32 

83^68 

15.20 

8.53 

129.66 

45.98 

50.96 

2 

45.01 

35.28 

86.22 

15.80 

8.53 

134.77 

48.55 

54.48 

Cotton 

(lbs.) 

Hanford  F.S.L. 

1 

lOlt.67 

40.39 

151.45 

823.00 

.33 

302.24 

150.79 

157.18 

2 

107.14 

41.46 

156.87 

857.00 

.33 

314.83 

157.96 

166.23 

h 

109.55 

41.76 

161.52 

867.00 

.33 

318.59 

157.07 

167.28 

Hanford  F.S.L.  (alkali) 

1 

104,6t 

36.72 

147.78 

foh'  00 

•  33 

258.39 

1 10 . 61 

117 '00 

2 

107.14 

37.64 

153.05 

733.00 

.33 

269.33 

116.28 

124.55 

It 

109.55 

37.95 

157.71 

743.00 

.33 

273.09 

115.38 

125.59 

Foster  loam 

1 

105.15 

33.21 

146.03 

590.00 

.33 

216.66 

70.63 

78.30 

2 

105.63 

33.97 

147.65 

614.00 

.33 

225.49 

77.84 

85.89 

It 

108.41 

34.13 

152.25 

619.00 

.33 

227.61 

75.36 

85.07 

Field  Corn 

(cwt.) 

Hanford  F.S.L. 

1 

46.64 

30.19 

83.05 

47.50 

2.52 

119.70 

36.65 

42.87 

Hanford  F.S.L.  (alkali) 

2 

48.91 

30.87 

87.15 

49.45 

2.52 

124.61 

37.46 

44.83 

1 

46.64 

26.15 

79.01 

38.00 

2.52 

95.76 

16.75 

22.97 

2 

48.91 

26.79 

83.07 

39.50 

2.52 

99.54 

16.47 

23.84 

Foster  loam 

48.05 

22.15 

77.23 

28.60 

2.52 

72.07 

-  5.16 

1.87 

2 

48.96 

22.63 

79.14 

29.70 

2.52 

74.84 

-  4.30 

3.25 

J*LL  ^KJ    \  \J.\J  LI       C    \^X\JyJ  J 

Ho  n              IT    Q  T 

34.51 

11.70 

53.00 

38.00 

2.09 

79.42 

26.42 

33.21 

34.84 

11.93 

53.73 

39.50 

2.09 

82.56 

28.83 

35.79 

Hanford  F.S.L.  (alkali) 

1 

34.51 

11.70 

53.00 

38.00 

2.09 

79.42 

26.42 

33.21 

2 

34.84 

11.93 

53.73 

39.50 

2.09 

82.56 

28.83 

35.79 

Foster  loam 

I 

34.58 

9.57 

50.98 

23.80 

2.09 

49.74 

-  1.24 

5.59 

2 

36.00 

9.71 

53.36 

24.75 

2.09 

51.73 

-  1.63 

6.02 

Milo  (sinsle  crop) 

38.00 

Hanford  F.S.L. 

1 

33.39 

11.70 

50.01 

2.09 

79.42 

29.41 

34.33 

2 

35.44 

11.93 

53.45 

39.50 

2.09 

82.56 

29.11 

35.19 

Hanford  F.S.L.  (alkali) 

1 

33.39 

11.70 

50.01 

38.00 

2.09 

79.42 

29.41 

34.33 

2 

35.44 

11.93 

53.45 

39.50 

2.09 

82.56 

29.il 

35.19 

Foster  loam 

1. 

36.20 

9.57 

52.30 

23.80 

2.09 

49.74 

-  2.56 

3.97 

2 

36.76 

9.71 

53.31 

24.74 

2.09 

51.73 

-  1.58 

5.26 

a/    Irrigation  treatments  identified  as  (l)  100,  (2)  80,  (3)  8O-IOO,  and  {h)  60  percent  levels  of  available  soil  moisture  depletion, 
respectively,  prior  to  Irrigation, 


b/  Includes  value  of  cotton  seed. 

c/  Net  returns  under  a  zero  charge  for  water  variable  expenses, 

d/  Hesperla  fine  sandy  loam, 

e/  Traver  fine  sandy  loam. 
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